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JOHN COWAN 


John Cowan sprang from a long Ime of Glasgow 
doctors many of whom had held posts m the Univer- 
sity His father, J B Cowan, had been Regius 
Professor of Materia Medica, and his grandfather, 
Robert Cowan, had been Professor of Medical 
Jurisprudence, and both had been Physicians to the 
Glasgow Royal Infirmary 
Bom m 1870 he was educated at Fettes, King’s 
College (Cambndge), and Glasgow University He 
qualified at Cambridge m 1895 and held resident 
appointments in the Western Infirmary, the 
Children’s Hospital, and the Glasgow Fever 
Hospital 

In 1900 he served m the South African War as 
physician to the Scottish National Red Cross 
Hospital On his return to Glasgow he jomed the 
jumor clinical staff of the Western Infirmary and 
was assistant to Professor Samson Gemmell At 
the same time he worked with Robert Muir m the 
pathological department and published papers in 
the Journal of Pathology on fibrosis of the heart 
In 1906 he was appomted Physician to the Royal 
Infirmary and finding much to be done to raise the 
standard of work m that hospital he spent most of 
his day m the wards AH through his term of 
office as physician, Cowan attended almost daily 
at 9 a m and spent most of the mormng m the vrards 
He was a slow worker, but every case was m- 
vestigated with meticulous care and he exacted the 
same care and mdustry from his house physicians 
and assistants 

Stimulated by the work of Wenckebach and 
Mackenzie, and with the pathological knowledge 
culled from Robert Muir, Cowan acquired one of 
the first polygraphs, and from 1909 onwards he 
published papers on the arrhythmias m the Quarterly 
Journal of Medicine and Heart 
Then came file 1914-18 War, and Cowan served 
m the Egyptian Expeditionary Force as consulting 
physiaan (1916-19) 

After the war Cowan returned to his work m the 
Royal Infirmary and to consulting practice in the 
West of Scotland At this tune the Mmistry of 
Pensions appomted consultants m cardiovascular 
diseases m vanous regions m the Bntish Isles, and 
Cowan was appomted to the West of Scotland 
These consultants held conferences twice a year in 
London, and these gathermgs of men interested in 


the same cardiovascular problems were the fore- 
runners of the Cardiac Club 

In the first volume of the British Heart Journal 
Cowan has given an account of the birth of the 
Cardiac Club, and he was the first secretary (1922-5) 
and was chiefly instrumental m formulating our 
simple rules and regulations Up to the last war 
he was most regular m attendance and “ just before 
his death he had received the current list of members 
and perused it thoroughly ” (Miss Cowan) Though 
chiefly interested m cardiovascular disease a full 
list of his publications would show the variety 
of his clinical interests His Diseases of the Heart 
was a notable contribution based on personal 
experience, and was expanded tn later editions when 
he had the collaboration of his friend, Willie 
Ritchie 

He gave the George Gibson Lecture at the R C P , 
Edinburgh, in 1926, and the St Cyres Lecture at the 
National Hospital for Diseases of the Heart in 
1930 

He was Physician m Scotland to King George V, 
Kmg Edward Vni, and Kmg George VI (1925^) 
In 1923 he was appomted Gentleman, the King’s 
Body Guard for Scotland, and this select and 
honourable post pleased hun immensely 

At the begmmng of the last vrar he began to do 
less work, and eventually retired to Kilmalcolm, 
Renfrewshire, where he died on August 15, 1947, 
aged 77 years His latter years had been much 
saddened by the sudden death of his wife and the 
tragic deaths of his two sons His only daughter 
had always been a great friend and was a constant 
solace to hun m his declining years 

His two Iriends, Geoffrey B Fleming and 
Archibald Harrington have sent us sympathetic and 
appreciative impressions of Cowan and his work m 
Glasgow 

Fleming says “ Cowan soon became recog- 
mzed as one of the leadmg ‘ heart men ’ in Glasgow 
I think he was the first to mstall an electrocardio- 
graph m his house Although he made full use of 
this instrumental method he always insisted that 
they could not replace clmical exammation No 
one was more thorough m his exammation of his 
patients and his case records show the extraordinary 
conscientiousness of his work Every case in his 
wards, whether of particular mterest to him or not. 
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had to be most carefully examined and recorded 
He was the most conscientious roan I have ever 
known 

“ As a teacher I think he was at his best with a 
small number of students at the bedside His 
systematic lectures owing to his xather pecuhar 
mannensms, would have been difficult to follow 
had It not been for his admirable pnnted notes 

“As a man he was extremely reserved and on 
this account it was only those who knew him well 
who appreciated his true worth His loyalty to 
his fnends was sometimes quixotic He never spoke 
hardly of those he disliked, I think he disregarded 
or avoided them He had many interests outside 
medicme — a keen and expert angler and an ardent 
philatelist He was very interested m modern 
history At the time of bis death be had just 
completed a monograph on the Glasgow School 
of Medicme, largely based on the records he had of 
his medical ancestors I think he undertook this 
work m order to keep his mmd active after his 
retirement from practice He could never be idle ” 

Harrmgton says “ When he came to the Royal, 
much required to be done, and he did it m the fkce 
of a good deal of opposition He spent most of 
the day m the wards, exhaustmg most of his staffl 
He got thmgs done m the end, as he always did, 
and put the wards on sound and modem Imes 

“ In his earher days he was not a very popular 
teacher His dehvery was difficult to follow at 
times, but he gradually overcame this, and by the 
better type of student was soon recognized as an 
excellent teacher In his latter years he spoke well, 
and always concisely 

“ I have always greatly regretted that he did not 
get a Umversity Chair He would have devoted 
himself to it, and been of immense value to the 
School 

“ Cowan was a slow worker, and spent a very 
long time m meticulous exammation of his cases 
His industry was tireless He showed remarkable 
honesty m all his work and his cnticism of it He 
welcomed the opmion of his jumors even when it 
directly countered his own, and was always prepared 
to discuss the differences It was our custom to 
wnte such opmions in the case sheets and mitial 
them 


“ In addition to his sterlmg honesty and loyalty, 
he was absolutely devoid of professional jealousy 
and would do anythmg to help On his jumors 
Nearly all his later publications were ‘ jomt ’ ones, 
to give the assoaated jimior or jumors a chance 
“ I shall never forget the times we had with the 
polygraph In addition to Mackenzie’s instrument, 
he and I devised a large three-lever one which was 
built by Kelvm and White, and ran on smoked 
papers I do not think any of us eqjoyed it but 
Cowan himself, but we did lots of work In the 
wards were also mvestigated (1) insulm, (2) serum 
treatment and pneumonia, (3) liver extract Cowan 
loved charts and never weaned of them 
“ He was Prmcipal Medical Officer to the Scottish 
Amicable Life Assurance Society, and did most 
excellent work there This work interested him 
greatly 

“He was only mildly interested m sport — ^&hed 
and shot, and m his earher days, played a httle 
cricket and golf He was also mterested m 
philately He was always very keen that we should 
all have hobbies In fact he was always ready to 
advise you m any difficulty of life ” 

Dr J L Cochrane, an H P of Cowan’s of forty 
years ago, testifies to the zeal that his Chief inspired 
m his assistants and the loyalty and affection with 
which they served him “ When you served him 
he served you He discussed your future and told 
you that although he would not give you a rovmg 
testimomal he would always wnte what he thought 
of you for any appomlment you apphed for A 
grand Chief!’’ 

The ongmal Cardiac Club owed much to Cowan’s 
enthusiasm As a physician he was already npe m 
wisdom and experience, and had the youthful 
enthusiasm to pracuse and master the newer methods 
of cardiovascular mvestigation 
In spite of his natural reserve and a certam shyness 
Cowan became a trusted friend of all of us Any- 
thing hke push or self-advertisement was abhorrent 
to him and his only ambition was to search out and 
teach the truth 

The Cardiac Club were lucky to have him at its 
mception and the Bntish Cardiac Society benefited 
by tus wise and steady counsel 


W E Hume 
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SOME CARDIOLOGICAL CONTRIBUTIONS TO MEDICAL JOURNALS 

BY 

JOHN COWAN 


On the presystohc murmur Glas med J (1898), 11, 
166 

A case of acute endocarditis Trans Path Ciln Soc 
(1899), 7, 237 

Notes on empyemata m childhood Glas Hasp Rep 
(1900), 314 

On obstruction of the coronary artenes Trans Path 
Clin Soc (1902), 9,49 

Fatty degeneration of the myocardium J Path 
(1902), 8, 177 

The heart m acute disease Ibid (1903), 9, 87 
The fibroses of the heart Jbid (1903), 9, 209 
(with A R Ferguson) Five cases of congenital heart 
disease Lancet (1903), 2, 952 
The cardiac muscle JEW/nb med J (1904), 127 
The influence of the acute infections upon the artenes 
Glas med J (1906), 66, 88 
On ansmia with enlargement of the spleen Quart J 
med (1907), 1, 11 

(with L Storey) the brmt de Roger Glas med J 
(1909), 72, 425 

(with D Macdonald and R J Burning) The venous 
pulse in paroxysmal tachycardia Quart J med (1909), 
2, 146 

(with J Maclcod and A R Paterson) A case of 
partial heart block. Ibid (1910), 3, 115 
(with W T Ritchie) Coupl^ rhythms of the heart 
Ibid (1910), 4, 55 

(with G B Flemmg and A M Kennedy) Heart 
block and nodal rhythm m the acute infections Lancet 
(1912), 1, 277 


(withG B Fleming) The assoaaUon between mitral 
stenosis and renal fibrosis Quart J med (1912), 5, 
309 

Diseases of the heart 1st ed Arnold, London 
Amencan ed Lea. and Febiger, Phdadelphia and New 
ifork 

Auricular flutter Glas med J (1914), 1, 128 
(with D Macdonald) Chronic valvular disease of the 
heart Ibid (1914), 1, 12 

twith A W Hamngton) A case of patent ductus 
arteriosus Ibid (1914), 1, 101 
(with W T Ritchie) The duration of ventncular 
systole Lancet (1920), 2, 743 
(with J K Rennie) Syphilis of the heart Brit med 
J (1921), 2, 184 

(with J C Bramwell) The clinical aspect of bundle 
branch block Quart J med (1925), 19, 95 
The causes of auricular fibrillation Ibid (1929), 22, 
111 

(with J S Faulds) Syphilis of the heart and aorta 
Bnt med J (1929), 2, 285 

St Cyres lectures The fibroses of the heart Lancet 
(1930), 2, 1 

Some observations on angma pectoris Bnt med J 
(1931), 1, 879 

(with W T Ritchie) Diseases of the heart 3rd ed. 
London (1935) 

The prognosis after infarct of the heart Lancet 
(1936), 1, 356 

Some disturbances of the rhythm of the heart Brit 
Heart J (1939), 1, 3 
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The relatively infrequent occurrence of angina of 
effort in women has been noted since Heberden 
(1772) first gave an account of this disorder Heber- 
den observed m a lecture before the Royal College 
of Physicians of London, that he had seen the 
disease m 20 men and only 1 woman, and in a later 
pubhcation (1786) wrote “I have seen nearly a 
hundred people with the disorder out of wluch 
number there have been 3 women ” Mackenzie 
(1923) reported 40 women with angma of effort m a 
senes of 280 cases, which gives a sex mcidence of 
7 to 1 m favour of men In more recent years, most 
mvestigators have found a sex incidence of 3-4 
males to 1 female (White and Bland, 1931, White 
and Sharber, 1935, Levy and Boas, 1936, Bedford, 
1936, Riseman and Brown, 1937, Gallavardin, 
1938, and White, 1944) although Bourne and Scott 
(1938) found a predommance m males of 7 to 1 
m 112 cases 

In this paper, a series of 87 cases of angma of 
effort occumng m women will be analysed m an 
attempt to discover what astiological factors are 
responsible for such a striking sex predommance 
The diagnosis of angma of effort, particularly m 
women, is fraught with many pitfalls, and to avoid 
these it was decided that only those who coraplamed 
of substemal pam of constrictmg quahty, with a 
quantitative relation to exercise and reheved by 
rest or mtroglycerm, would be mcluded 

TABLE I 
Age Distribution 


Age 

No of cases 

20-30 

2 

30-40 

1 

40-50 

18 

50-60 

29 

60-70 

25 

70-80 

12 


Although three quarters of all cases of angma of 
effort occur over the age of 50 (White, 1944), there 
is a considerable mcidence m men under this age 


Only 3 cases occurred under 40 m women m this 
senes, 2 had severe anaemia and the third had 
aortic regurgitation Glendy, Levine, and White 
(1937) m a 100 cases of coronary disease in young 
people found only 4 women under 40 and 3 of these 
had severe hypertension White and Mudd (1927) 
reported 8 patients with angma under 30, all had 
aortic mcompetence The age mcidence m this 
senes corresponds closely with that given by other 
observers, Eppmger and Levme (1934) m 141 cases 
found the usual range of the age at onset to b** 
36-71 years 

The rather high mcidence (14 per cent) m patients 
over 70 years is imusual Foti (1937) m 20 cases 
over 70 found no women and Lian (1932) found only 
17 occurnng between the ages of 70-75 years m 
638 cases of angma 

The Effect of Pregnancy and the Menopause 
The effect of pregnancy on the mcidence of angina 
was mvestigated and the results were as follows 
No child, 12 cases, one child, 16 cases, two 
children, 22 cases, three children, 14 cases, four 
children, 9 cases , five children, 4 cases , six children, 

6 cases, seven children, 4 cases 
The inference to be drawn from the above data is 
that no close association between panty and the 
mcidence of angina can be shown Moreover if 
pregnancy were of stiological importance m the 
production of coronary atheroma, Aen it might be 
expected that deaths due to the consequence of this 
condition would occur with appreciable frequency 
m multigravida Sheehan and Sutherland (1940), 
m an analysis of 813 autopsy records of patients who 
died durmg pregnancy, failed to find atheromatous 
changes m the hearts of any of these 

Menopause The first symptoms of angina of 
effort m 5 of these patients occurred at the time of 
the menopause , all had systolic blood pressures 
over 200 mm Most patients (76 per cent) expen- 
enced their first symptoms many years after the 
menopause 
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Hypertension 

The incidence of hypertension, which for the 
purpose of this paper was assumed to be present if 
the systolic pressure was above 150 or the diastolic 
Sbovc 90 IS shown in table II, an incidence of 84 
per cent was found The blood-pressure readings 
recorded here are an average of several readings for 
each patient 

TABLE n 

Patients with High Blood Pressure 


Systolic B P 

i No of cases 

Diastolic B P 

No of cases 

150-160 1 

1 4 

90-100 

' 14 

160-170 

: 6 

100-110 

26 

170-180 1 

4 

110-120 

18 

180-190 ' 

12 

120-130 

8 

190-200 

7 1 

130-140 

2 

200-210 

, 12 

140-150 

4 

210-220 

1 

150-160 , 

1 

4 


Davis and Klainer (1940) in 61 cases of angina of 
effort found that 90 per cent of the women had 
hypertension compared with 60 per cent of the men 
The incidence of hypertension in reported cases of 
angina of effort vanes (Riseman and Brown, 1937, 
50 per cent, White and Bland 1931, 36 per cent, 
Kahn, 1926, 34 per cent) 

In women a higher incidence of hypertension is 
reported (Davis and KJainer, 1940, 90 per cent. 
Levy and Boas, 1936, 92 per cent, and Eppmger 
and Levme, 1934, 100 per cent) 

The frequent occurrence of hypertension in women 
suffering from angma of effort suggests a possible 
setiological relationship, especially since most 
investigators record a much lower mcidence m men 

Coronary Artery Disease and Coronary 
Infarction 

There were 34 patients with a history of one or 
more attacks of coronary infarction and a less 
certain history was obtained m 14 others A total 
of 57 patients showed cardiographic evidence, e g 
changes m the Q and T waves or m the S-T segment, 
suggestive of coronary aijtery disease and m 6 of 
this group necropsy revealed severe coronary 
atheroma The highest incidence of coronary 
disease occurred m the sixth and seventh decades m 
which 83 per cent of the patients gave, either a 
history of previous coronary infarction or showed 
suggestive cardiographic changes Wilhus and 
Smith (1932) reported moderately severe coronary 
atheroma m all cases m an autopsy study of 381 
patients over 70 years and this no doubt is the 
explanation of the high mcidence of coronary 
disease in the sixth and seventh decades in this 
series. 


The mcidence of previous coronary infarction 
varies m reported cases of angma of effort (Bland 
and White, 1931, 26 per cent, Riseman and Brown, 
1937, 37 per cent. Bourne and Scott, 1938, 28 per 
cent, and Pazzanese and Montenegro, 1945, 72 
per cent) 

The incidence of evidence of coronary artery 
disease is high (65 per cent) in this senes, but is 
lower than that reported by Harrison (1944) of 83 
per cent 

Other Diseases or Pathological States 

Syphilis One woman of 23 had angina of effort 
with syphilitic aortic incompetence Jones and 
Bedford (1943) reported on 103 patients who had 
angina of effort of syphilitic aitiology and stated 
that all their patients under 40 had aortic incom- 
petence They gave the incidence of aortic mcom- 
petence m angma as 5 per cent and this figure closely 
agrees with those given by Brooks (1927) and War- 
thm (1930) 

Mitral Stenosis No case of mitral stenosis and 
angma was seen durmg the course of this investi- 
gation Blackford (1940) reported 2 cases of mitral 
stenosis and angina of effort and found no coronary 
lesions port-mortem in either case I-evme and 
Kauvar (1942) found only 17 cases of mitral stenosis 
m 2832 cases of angma and coronary thrombosis, 
the average age of onset of angmal symptoms m 
these cases was 56 years 

Myxtedema Two patients had myxoedema and 
angma of effort, both were over 50 and had hyper- 
tension The cardiogram of one showed a left 
bundle branch block, and of the other a Wilson type 
of branch block In both, the symptoms of angma 
were aggravated by thyroid therapy 

Beaumont and Robertson (1939) suggested that 
two types of angma occurred in myxoedema, the 
first occurring durmg treatment with thyroid extract, 
whilst the second type occurred pnor to treatment 
and improved following the administration of thyroid 
extract Hertoghe (1914) suggested that angna 
occurring m myTCcedema and improvmg with treat- 
ment might be due to involvement of cardiac nerve 
fibres- by myxeedematous infiltration Cases of this 
type have been reported by Peel (1943), Benestad 
(1937), Beach (1935), Ziskm (1930), and Sturgs 
(1926) 

The majonty of reported cases of angma of effort 
occurring m association with myxoedema appear 
to be due to mdependent heart disease Peel (1943) 
reported 12 cases of myxeedema and angma of 
effort, 10 had evidence of independent heart disease 
Aggravation of angnal pam durmg thyroid therapy 
has been noted by d’Abrami et al (1925), Sturgis 
and Whitmg (1925), Means et al (1926), Fahr (1932), 
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Mussio-Foumier and Fisher (1940) and Mussio- 
Foumier (1942) 

There is no evidence to suggest that myxoedema is 
an important astiological factor m the majority of 
cases of angma 

Hyperthyroidism No instances of hyperthyroid- 
ism and angma were observed m this senes and 
most observers are agreed that there is no direct 
causal relationship between the two conditions and 
that there is usually some underlying cause for the 
angma Females usually predommate (Lev and 
Hamburger, 1928 and 1932, Hames and Kepler, 
1930) 

Diabetes Four patients were suffermg from 
diabetes meUitus, all were over 55 and had hyper- 
tension In two it was known that diabetes had 
preceded the onset of angma of effort by at least 
5 years Root and Graybiel (1931) noted that on 
the average diabetes preceded the angma by 9 years 
and that diabetic angma occurred most often m 
the seventh decade They found only 210 cases of 
angma m 7000 diabetics Nathanson (1932) who 
exammed the coronary vessels of 100 diabetic 
patients post-mortem, found the greatest mcidence of 
coronary atheroma occurred over 50, and Hepburn 
and Graham (1928) found cardiographic changes 
suggestive of coronary artery disease m 45 per cent 
of 123 diabetics Of the four patients observed m 
the present senes, two had a negative T I and one 
negative T waves m the standard leads and m lead 
IVF 

It IS clear that diabetes mellitus is not an important 
zetiological factor m the majonty of cases of angma 
occurrmg m women 

Obesity The state of nutntion was observed m 
all cases and patients were grouped as thm, normal, 
and fat The results were as follows thm, 27 cases, 
normal, 37 cases, and fat, 13 cases 

Obesity would not appear to be a significant 
factor m the aetiology, a findmg that confirms those 
of Eppmger and Levme (1934) 

Ancemia Hernck and Nusim (1918), were the 
first observers to draw attention to the occurrence of 
angma of effort m severe anemia, but smce this time 
frequent reports of its occurrence have appeared 
(Hunter, 1942, Stalker, 1937, Elliot, 1934, and 
Pickermg and Wayne, 1943) 

WiUonson (1933), found only 3 cases of angma m 
270 cases of anaemia and Wilhus and Giffin (1927) 
found only 43 patients with angmal symptoms m 
1560 cases of pernicious anaemia A higher 
mcidence has been reported by Coombs (1930), 
Pickermg and Wayne (1943), and Himter (1946), 

In the present senes 6 patients had anaemia and 
angma of effort Two were under 40 and had 
normal blood pressure, theu angmal symptoms 


disappeared when their anaemia had been cured 
Three of the remammg patients had angina of 
effort after their blood had been restored to normal, 
the cardiogram of one showed a left bundle branch 
block and of the others mversion of T waves m 
leads I and n all 3 patients whose angmal symptoms 
persisted foUowmg cure of their anaemia had hyper- 
tension Lewis and Drury (1923) suggested that 
angmal pam accurrmg m anaemia was due to 
anoxaemia, but it has been shown that there is a 
raised cardiac output m anaemia and a raised venous 
pressure (Dautebrande, 1925, Stewart, Crane, and 
Deitnck, 1937, and Sharpey-Schafer, 1944) and this 
IS the more probable explanation of the occurrence 
of angmal symptoms 

Sometimes no coronary arteiy lesions have been 
demonstrated at necropsy m cases of anaemia pre- 
sentmg angmal symptoms (Elhot, 1934) and m spite 
of this many observers doubt if anaemia alone can 
cause cardiac pam It is difiicult to avoid the 
conclusion m the two cases occurrmg m women 
under 40, whose cardiac pam was abolished when 
their anaemias were cured, that their angmal symp- 
toms were solely due to anaemia There seems 
httle doubt also that the 3 patients who retamed 
symptoms of angma of effort even with normal 
blood pictures, had coronary artery disease 

Tobacco and Alcohol In this group of patidnts, 
smokmg was an mfrequent habit Only 17 patients 
smoked regularly and a careful history m each case 
failed to reveal any relationship between tobacco 
smokmg and the angmal attacks White and 
Sharber (1934-5) m 750 patients found a higher 
percentage of sufferers amongst teetotallers than 
amongst those who were not Pickermg and 
Sanderson (1945) suggested that smokmg preapi- 
tated an attack of angma only when an attack 
previously provoked by exertion had just subsided, 
and they concluded that tobacco did not cause 
constnction of the coronary vessels Nevertheless 
It has been shown by Short and Johnson (1939) that 
tobacco mduces arteriolar constnction and an 
elevated blood pressure Bryant and Wood (1947) 
also demonstrated cardiographic changes of coro- 
nary ischaerma that were mduced by tobacco 
smokmg 

There is, however, no evidence to suggest m the 
present mvestigations that tobacco smokmg is of 
ajtiological importance m the production of angma 
m women, whatever be its relation to the wider 
problem of this disease m males 

Alcohol did not appear to be an important 
astiological factor m the present senes of cases 

Cholecystitis The mcidence of gall-bladder 
disease was very low Two patients had gall 
stones, 3 gave a history suggestive of chronic 
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cholecystitis and m 2 of these a Graham’s cholc- 
cystogram revealed non-functioning gall bladders 
Bourne and Scott (1938) found 8 cases of chole- 
cystitis m 112 cases of angma, in only 3 cases, 
however, was the presence of gall-bladder disease 
proved beyond doubt 

Occupation and Environment These patients 
were studied during the past four years, 23 had 
undertaken factory work in addition to their house- 
hold duties during the war years, but 7 had earned 
out such duties for a short time only All were 
hospital outpatients, but the incidence of angina 
amongst the large numbers of patients of this 
class seen during the penod of those observations 
was very small, and it does not seem likely that there 
IS any relationship between work in addition to 
household duties and the increased incidence of 
angma to-day, compared with fifty years ago It 
has not been practicable to take into account en- 
vironmental influences in the earlier years of these 
patients’ hves and to compare them with those 
obtaimng in a woman’s life of fifty years ago 
Such a comparison might give a clue to the mcreased 
frequency with which angina is encountered m 
women nowadays 


Summary 

A series of 87 cases of angma of effort occurring 
in women has been analysed The highest incidence 
of the disease was m the sixth and seventh decades 
and the occurrence of the disease below the age of 40 
was rare A high mcidence of hypertension (84 
per cent) %vas found and this observation is in accord 
with those of other observers Hypertension would 
appear to be an important factor in the mtiology 
of angina of effort m women, moreover the impor- 
tance of hypertension m the diagnosis of this con- 
dition in women should be stressed The frequent 
occurrence of previous coronary infarction and of 
evidence of coronary artery disease suggest that 
coronary sclerosis is the most important factor in 
the aetiology of angma of effort m women Other 
factors, e g myxoedema, anaemia, cholecystitis, 
pregnancy, tobacco, alcohol and occupation appear 
to be of mmor importance only in the mtiology 

I should like to thank Dr H Wallace-Jones for his 
helpful cnticism and advice and for permission to include 
m this senes cases seen at the Heart Department of the 
Liverpool Royal Infirmary 1 should like also to thank 
Dr E Noble Chamberlain for his valuable cntiasm and 
advice, and Dr H H MacWiUiam for permission to 
include cases seen at Walton Hospital, Liverpool 
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Chest leads were first employed in myocardial 
infarction by Wood and Wolferth in 1932 Before 
that time their use was limited to the elucidation of 
the auncular arrhythmias The origmal lead IV 
was an antero-postenor lead since it was hoped that 
this would register changes m a plane at right angles 
to the standard leads In 1933 Wood and others 
found that the best results were obtamed when the 
explonng electrode was placed either on or just 
mtemal to the apex, and they also used a lead in 
which the remote electrode was placed on the left 
leg Later this apical lead came to be known as 
lead IV F, or rv R when the nght arm was used 
as the remote electrode In 1 934 Wilson and others, 
seekmg to reproduce as nearly as possible the 
same conditions as m animal expenments when the 
electrode can be placed directly on the epicardium, 
devised their central terminal method of obtammg 
a remote electrode approximately at zero potential 
They called leads taken m this way V leads (V for 
voltage) They also chose six positions on the 
chest for the explonng electrode, extendmg from 
the fourth mtercostal space to the nght of the 
sternum (V 1) to the mid-axillary Ime at the level 
of the apex (V 6), as subsequently recommended by 
the Amencan Heart Association (1938) These 
methods were not generally accepted at first, and 
leads IV R and F are still widely used We have 
tned to detenrune what advantages may be gamed 
from the use of multiple unipolar chest leads 
The prmciples underlymg the unipolar method 
are based upon the equilateral tnan^e hypothesis 
which was propounded by Emthoven, Fahr, and 
de Waart in 1913 They stated that, havmg regard 
to the comparative remoteness of the extremities, 
the heart might be regarded as being m the centre 
of an equilateral triangle, and that, therefore, the 
algebraic sum of the potentials at the three points 
of the triangle at any given moment in the cardiac 
cycle was zero for all forces parallel to the plane of 
the triangle So if the three limbs were used as the 


remote electrode, instead of one, a remote electrode 
at zero potential would be obtained, and such a lead 
would be unipolar smee it would record only the 
changes m potential of the prsecordial electrode 
The Emthoven hypothesis is only applicable to 
forces parallel to the plane of the triangle, and the 
cardiac vector moves m three dimensions, but 
Wilson et al (1944) have adduced considerable evi- 
dence to the effect that the perpendicular forces are 
small and do not exceed 0 3 mv For practical 
purposes these leads can be considered to be umpolar 

Unipolar and Bipolar Leads 
Technique The apparatus required to take V 
leads consists of three limb termmals which are 
brought together at a central terminal The right 
arm electrode from the galvanometer is attached 
to the central termmaL the three limb terminals 
are attached to the hmbs The left; arm electrode 
from the galvanometer is used m the ordinary way as 
the explormg electrode on the chest Wilson et al 
(1934) interposed resistances of 5000 ohms on each 
limb termmal, but Goldberger (1942) published 
curves taken with and without the resistances and 
they were identical We have followed the Gold- 
berger method and have not interposed resistances 
Umpolar Limb Leads When using a unipolar 
techmque it is possible to obtain the potentials at 
any pomt on the surface of the body The original 
method of takmg unipolar lunb leads was to attach 
the explonng electrode on to the limb to be 
exammed, havmg two electrodes on that hmb But 
the deflections by this method were sometimes small 
and difficult to measure Goldberger (1942) intro- 
duced a modification that mcreased the size of the 
deflections by a half while their form was left 
unaltered He substituted the explormg electrode 
for the V termmal on the hmb to be exammed, 
allowmg that V termmal to hang loose To take 
VR (the nght arm umpolar lead) the explormg 
electrode is attached to the nght arm and a V 
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temunal to the left arm and left leg In taking 
VL (the left arm lead) and VF (the left leg lead) the 
exploring electrode is attached to the left arm, and 
the left leg respectively, with V terminals on the 
other two limbs 

Bipolar Leads — ^In the standard leads the two 
pomts are connected and the galvapometer, which 
IS mterposed, records the difference in pbtential 
between the two pomts When the two pomts are 
equidistant from the heart, the effect of each upon 
the cardiogram is approximately equal In lead I 
the galvanometer is arranged — or the polanty is 
such — ^that a state of relative positivity at the left 
arm is represented by an upward movement of 
the fibre Smce it is the difference between the 
potentials at the two arms which is recorded m 
lead I, the potentials at the nght arm must be 
subtracted algebraically from those at the left arm 
Thus, if the T deflections at the nght arm are —2 mm 
(which equals a potential of —02 mv) and are 
+1 mm at the left arm, the deflections m lead I 
will be +3 mm Smce the potentials at the nght 
arm are usually negative, the deflections m lead I 
will generally be more positive than at those at the 
left arm ' This is the reason why an upnght T 
IS sometimes found m lead I m antenor infarcts 
although T is negative m lead VL, the left arm 
umpolar lead Iil lead HI a relative state of 
positivity at the left leg results m an upward move- 
ment of the fibre Thus, if T at the left leg equals 
+2 mm and is +1 mm at the left arm, m lead HI 
It will be +1 mm 

The chest leads CR and CF are also bipolar leads, 
but smce the extremity, or remote, electrode is so 


much farther from the heart than the chest electrode, 
the mfluence it exercises is much less Wdson 
(1944) has estimated that the size of the deflections 
at the pnecordia is from three to five times that at 
an extremity The mfluence of the extremity 
electrode is, therefore, about one-quarter that of 
the chest electrode But, when multiple chest leads 
are used, and the potentials at one pomt of the 
chest compared vnth those at another, any mfluence 
at all from the remote electrode is undesirable smce 
It may distort the curve 

It has recently been suggested (Wallace and 
Grossman, 1946 , Hoyos and Tomayo, 1947) 
that m practice the differences between CR, CF, and 
V leads are so slight as to be neghgible Smce a 
CR lead equals approximately C— VR/4, and a CF 
lead equals C— VF/4, the distortion to expected 
m any given case can be estimated if the VR and VF 
leads are available If the Goldberger augmented 
method of obtammg the umpolar limb leads has 
been used, the deflections must be reduced by 
one-third the equation then is CR (or CF)=C— 
VR (or VF)/6 

A senes of 300 unipolar limb leads were exammed 
with regard to this pomt The T waves were flat 
m49casesmVRand47m VF They were ±1 mm 
m 111 and 117 respectively, ±2 m 62 an 65, 
±3 m 44 and 40 Thus m 89 per cent the T 
deflections were 3 mm or less, which should give 
a distortion of not more than 0 5 mm , and this is 
neghgible In the remaming 1 1 per cent, however, 
the distortion is appreciable Fig 1 was taken from 
a patient with mitral and aortic disease Standard 
leads show left axis deviation, the T waves are 
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prominent m leads n and HI Umpolar Umb leads horizontal or very vertical hearts (extreme left and 

show that the heart is sertii-vertical T m VR right axis deviation) when it is negbgible It is 

measures —6 mtn m VF, T measures + 6 mm greatest m the semi-honzontal or semi-vertical 
V, CR, and CF leads were taken with the explonng positions In CF leads the distortion varies with 

el^ode on position I The explonng electrode the position of the heart With a normal position 

was then moved to the second position and the the deflections m lead VF are sufficiently small to 

process repeated The CR leads are everywhere make CF leads accurate enou^ for ordmary 

more positive than the V leads, CF leads are more purposes In the semi-horizontal position the 

negative T in V I is negative, as it frequently is deflections are so small as to make CF leads m that 



Fig 2 —V, CR, and CF leads from a paUent with previous antenor infarction CR leads are normal 

CF leads have negative T waves from 1-6 


m health In CR it is positive T is negative m 
CF 1,2, and 3, and just upnghl m CF 4 R waves 
are more positive and S waves less negative m CR 
leads than m V leads This destroys the balance 
of the senes While the V leads show slight, but 
definite, left ventncular hypertrophy, the CR series 
IS within normal limits 

Fig 2 was taken from a patient recovering from 
an antenor infarct The position of the heart 
was semi- vertical Six months previously there 
was bowed inversion of T in leads V 1-V 4 Now 
V 1 and V 2 have negative T waves, T in V 3 is 
diphasic, T m V 4-V 6 is positive but not much so 
In the CR series T is positive from 1-6 In the 
CF senes it is negative from 1-6 The CR leads 
ure, therefore, normal while the CF leads suggest 
an anterior infarct, and the difference between them 
IS due to distortion from the right arm and left leg 
respectively 

Fig 3 shows the type of distortion that may be 
Mpected m the different posiUons of the heart in 
CR and CF leads In CR leads the distortion is 
positive in all positions of the heart except in very 
'B 


position possibly the most accurate of any With 
horizontal hearts there is increasmg positive dis- 
tortion, but in general CF leads are good m all 
these positions When the heart is vertical, 
however, large R waves and upnght T waves are 
seen m VF leads, causing a negative distortion, 
which may lead to the recording of negative T waves 
m CF leads due only to the influence of the left leg 
Nor IS It possible to be sure that the heart does not 
he vertically unless umpolar hmb leads are taken, 
since standard curves may show left axis deviation 
m such cases if there is left ventncular hypertrophy, 
as in Fig 1 

Principles underlying Chest Lead Interpretation 
Active heart muscle is electrically negative to 
inactive muscle The impulse for contraction passes 
down the Purkmje tissue m the subendocardial zone 
and reaches the ventncular cavities almost at once 
The ventncular cavities are, therefore, negative 
throughout the whole of the QRS The impulse 
then spreads outwards through the ventncular 
muscle, and, as it does so, the muscle which has 
been activated will be negative, while m front of the 
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Fro 3 — Unipolar limb leads showing changes m different positions of the heart 


advancing head of the wave there will be a zone of 
positivity This zone of positivity is reflected to the 
surface of body and causes the positive R to be the 
mam initial deflection to be recorded m health 
When the impulse reaches the surface of the ventricle, 
a negative charge is reflected to the surface of the 
body, and a negative downward deflection, called 
the intrinsic deflection by Lewis, occurs Whether 
or not this downward deflection is prolonged into 
an S wave depends on whether that part of the 
heart muscle under the exploring electrode has 
been activated early or late in relation to other parts 
of the ventricular muscle By the time the impulse 
reaches the surface of the right ventncle, the left 
ventricle will not be fully activated The right 
ventncle will then become negative to the left and 
an S wave will be recorded in leads to the right of 
the priEcordia such as V 1 or V 2 When, however, 
the impulse reaches the epicardium over the thickest 
part of the left ventricle (lead V 5 or V 6), the whole 
heart wiU be m systole No current flows, smce 
the QRS phase is over, and the fibre comes to rest 
at zero potential, S bemg absent As the electrode 
xs moved over the prcecordia from right to left^ an 
R followed by a deeper S in leads V 1 and V 2 gives 
place to an R without S in V 5 and V 6 Changes in 
this normal sequence of events enables the diagnosis 
of unilateral ventricular hypertrophy to be made, 
and the side of the lesion in bundle branch block to be 
determined 

Unipolar Limb Leads and the Position of the 
Heart When the posiUon of the heart is normal, 
the aorta and the pulmonary artery, as they arise, 
point upwards towards the right shoulder Lead 
VR which enters the chest, so to speak, through the 


right shoulder will face these vessels and so reflect 
to a great extent the state of the ventncular cavities 
Since these are negative throughout the whole of 
the QRS, lead VR, except in extreme rotation of the 
heart, has negative deflections VL, the left arm 
lead, reflects the potentials on the anterior surface 
of the left ventncle, while VF, which enters the chest 
through the left dome of the diaphragm, reflects the 
potentials of the diaphragmatic or postenor surface 
of the left ventncle When the position of the 
heart is normal, both these leads have positive 
deflections 

If the heart rotates clockwise, becommg more 
vertical, the aorta and pulmonary artery, as they 
arise, will tend to pomt directly upward or midway 
between the two shoulders Lead VL will then 
become similar to VR, or to leads to the right of 
the pnecordia, and have negative deflections An 
S wave in lead VL shows that the heart is vertical 
When R and S are small and equal, the position 
is serm-vertical A vertical position of the heart 
occurs in long narrow chests, m emphysema, and 
m right-sided hypertrophy 

If an anti-clockwise rotation occurs, the heart 
becomes horizontal A horizontal position is 
found in left-sided hypertrophy or when the left 
diaphragm is high as m obesity or m sthenic types 
An S wave then appears in lead VF, or, if the 
position IS semi-honzontal, the deflections are small 
For this there are two explanations Accordmg to 
Wilson et al (1944) the aorta, issuing more horizon- 
tally to the right, comes to face almost midway 
between the right shoulder and the diaphragm, and 
consequently lead VF will resemble VR, or V 1 and 
V 2, and have negative deflections In this view if the 
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deflections in VF resemble those on the right side 
of the praecordia (V 1 and V 2) while VL resembles 
those on the left (V 5 and V Q the position of the 
heart is horizontal, if VF resembles V 5 and V 6, 
while VL IS like V 1 and V 2, the heart is vertical 
In this interpretation an S wave in lead VF means 
that the heart is horizontal except in certain cases of 
right branch block (see Fig 1 1) 

Goldberger (1944) in his explanation points out 
that the voltage of the negative potentials in each 
ventncular cavity will depend on the mass of muscle 
involved Since the left ventricle has nearly always 
a greater mass than the right, the potentials m the 
cavity of the left ventricle will be more negative 
than those on the right, and, should the two sets of 
potentials oppose each other, the stronger potentials 
on the left side will overcome those on the right 
When the heart is normal in position, lead VF, 
which enters the chest through the left diaphragm, 
will face about equally the advancing wave in each 
ventricle As a result the potentials will be positive 


When the heart is placed vertically lead VF will face 
more of the left ventricle than of the right, and the 
potentials will become correspondingly more positive 
still When, however, the heart is horizontal lead 
VF will face more of the i ight ventricle, but it will 
also face the negative potentials at the tail of the 
wave in the left ventricle which has now come to 
he more superiorly These stronger negative 
potentials from the left ventricle overcome the 
positive potentials in the head of the wave in the 
light ventricle, with the result that small but 
negative waves occur in lead VF In this view an 
S wave in lead VF always means that the heart is 
horizontal 

Present Series 

Cases with cardiac enlargement were specially 
selected at first since the intention was to try to 
establish more satisfactory criteria for unilateral 
ventricular hypertrophy than \sas afforded by axis 
deviation Normal subjects of differing habitus 



A B 

Fio 4 —Normal chest leads (A) Heart in normal position Chest leads shnu/ R fn * .u 
amplitude of R in V 1 and V 2 while S is diminutive m V 5 and V 6 vLnd VF are 
(B) Heart horizontal Left axis deviation Note S in VF (C) Heart vertini ® p 
deviation Note S in VL T is inverted in V 1 and V 2 ^ 
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were also examined to find the effect of varying 
positions of the heart upon the electrocardiogram 
Later complete 12 lead electrocardiograms were 
taken on all patients with infarcts and bundle branch 
block 

Normal Pilecordial Leads 
In leads V 1 and V 2 an R wave is followed by an 
S wave of about double the amphtude (Fig 4A) 
In leads to the left of the pnecordia (V 5 and V 6) 
an R only is seen, S bemg absent or diminutive 
The point where the Complexes change from a 
predormnant S to a predominant R is called the 
transitional pomt, and is situated about the level 
of V 3, which IS placed approximately over the 
mterventncular septum 

The T wave m V 1 is frequently mverted m health, 
and this has no significance It may also be 
mverted m V 2 if the heart is placed vertically 
In children mversion of T may also involve V 3, 
but this IS exceedingly rare in adults 
Normal praecordial leads were found in 49 cases 
m whom ventricular hypertrophy was judged to be 
absent on clmical grounds 
In 33 cases the heart was normal In these the 
heart was m normal position m 9 (Fig 4A), hon- 
zontal or senu-horizontal m 9 (Fig 4B), and vertical 
or semi-vertical m 15 (Fig 4Q Both left and right 
axis deviation were frequent, the electncal axes 
varymg from +110 to —70 The high proportion 
of abnormal positions was due m part to the selection 
of cases for the purpose of the mvestigation, but 
It is undoubtedly more common to find a vertical 
heart m a normal subject than a horizontal 
In 16 cases some clmical abnormahty was present 
In 9 there was moderate elevation of the blood 
pressure but no cardiac enlargement could be made 
out on screen exammation The remamder were 
made up of patients -with angma pectoris (3), 
heart block (2), ailncular fibrillation (1), goitre (I) 
The position of the heart m these patients was 
normal mil, horizontal m 4, and semi- vertical m 1 

Left Ventricular Hypertrophy 
There are five cnteria of left ventncular hyper- 
trophy (Fig 5) 

(1) The R wave m leads to the nght (VI, V2, 
and V 3 and occasionally V 4) becomes dimmutive 
We have adopted as a minimum requirement that 
the R wave should have an amphtude of no more 
than one quarter that of the S wave which should 
measure at least 12 mm m any one of these leads 

(2) Inverted T waves are seen m V 4, V 5, or V 6 
Smular changes occur m lead I, but not so frequently 
as m the chest leads They must be distmguished 
from mversion due to digitalis (Fig 6A) 


(3) The transitional pomt swmgs to the left 
Minor changes m the transitional pomt are without 
significance This cntenon was judged to be 
present when the transitional pomt reached V4 or 
further to the left 

(4) An mcrease m voltage of the deflections may 
be seen 

(5) The QRS mcreases to 0 09 secs or more 

Left ventricular hypertrophy was judged to be 

present on clmical grounds m 120 cases Most of 
the patients had hypertension, and cardiac enlarge- 
ment was seen on screen exammation Others had 
aortic disease Congemtal heart lesions were 
present m a few Those showmg bundle branch 
block or evidence of infarction are not mcluded m 
this group 

Diminution in the R wave and increase in the S 
wave in leads over the right side The R waves 
had an amplitude of not more than one quarter 
that of the S wave, which measured 12 mm or more 
m either V 1, 2, 3, or 4 m 103 of these cases, or 86 
per cent 

Left axis deviation was present m 59 of this group 
or 57 per cent The electncal axes vaned from 
+18 to —80, with one exception m a bizarre curve 
m a boy with a congenital lesion m whom it was 
+58 The position of the heart was horizontal 
m 23 of the cases, semi-honzontal m 19, and normal 
m 17 

Left axis deviation was not present m 44 cases, 
or 43 per cent The electncal axis m this group 
vaned from +80 to +12 The standard leads m 
some of these showed nght axis deviation (Fig 6B) 
In only two was the heart semi-honzontal it was 
semi-vertical m 13 and vertical m 6, the remamder 
bemg normal m position The position of the heart 
had, therefore, a matenal influence upon the 
appearance of left axis deviation, which was present 
m only 57 per cent of those m whom left-sided 
hypertrophy could be diagnosed from the chest 
leads 

Inversion of the T wave in V 4, 5, and 6 The T 
waves were mverted m leads over the left side m 
39 cases or 32 per cent A correspondmg mversion 
of the T wave was foimd m lead I m 1 6 patients, and 
m lead VL m 1 8 Digitahs was a factor m a further 
22 cases In 9 cases mversion of the T wave was 
found m the absence of the first cntenon 3 of these 
had anasarca which lowers the voltage of the chest 
leads R waves were not present m V 1 or V 2, 
but the S waves were less than 12 mm , 2 of these 
subsequently showed characteristic deep S waves 
One other patient had kypho-scohosis with con- 
siderable distortion of the chest In the remammg 
five cases no cause could be found for the absence 
of the first cntenon 
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Fia 5 — Left ventncular hypertrophy Left axis deviation Horizontal heart Diminutive R waves 
V 1, V 2, V 3, with S over 12 mm Inversion of T m V 5 and V 6 Transitional point between V 4 
and V 5 Lm^e complexes QRS 0 10 second. From a patient with chronic interstitial nephntis 
Left ventncle much thickened at autopsy 


Fig 6 — Left ventncular hypertrophy (A) With a normal electncal axis Auncular fibnllation 
Absent R waves m V 1, V 2, V 3 with deep S m V 3 Transitional pomt between V 4-V 5 
Inversion of T m V 4 and V 5 Inversion m V 6 is due to digitalis The heart is vertical From 
a patient with hypertension and congestive failure At autopsy both ventncles much hypertrophied 
Numerous pulmonary infarcts (B) With nght axis deviation Mitral stenosis, auncular fibnl- 
lation, and hypertension Heart enlarged to left and nght Congestive failure Dmimutive R 
waves m V 1 and V 2 with deep S m V 2 Transitional pomt between V 4-V 5 The heart is 
vertical 


Takmg the two cntena together, evidence of left 
ventncular hypertrophy was present in 112 of the 
120 cases or 93 per cent Excludmg those who had 
received digitalis they were both present together 
in 30 cardiograms or 25 per cent 
Shift in the Transitional Point to V 4 or further 
to the left This occurred m 69 records, but it was 
also found m 14 patients in whom there was no 
chmcal evidence of left-sided hypertrophy More 
than any of the other cntena, the transitional point 
depends upon the correct positiomng of the elec- 


trodes A transitional pomt to the left of V4, 
which occurred m 26 cases is almost always evidence 
of considerable left ventncular hypertrophy, but 
other cntena will then be present By itself a shift in 
the transitional pomt is unreliable, and is not accept- 
able alone as evidence of left-sided hypertrophy 
Increase in Voltage of the Complexes In left- 
sided hypertrophy the voltage of the S wave m 
leads to the nght and of the R wave m leads to the 
left may be very large But this sign is vanable, 
and depends upon many factors, which affect the 
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distance between the epicardium and the electrode 
Anasarca, pulmonary oedema, or a thick chest wall 
will tend to dunmish the size of the deflections 
(Lapm, 1947) Dilatation of the ventncle, bringing 
the epicardium nearer to the chest wall, may increase 
them (Bayley, 1947) Large complexes may occur 
m health, and as a cntenon of ventricular hyper- 
trophy, we have found it of no value 
Increase in the QRS Breadth The QRS was 
mcreased to 0 09 second, or more, m 9 advanced 
cases only, where it was also prolonged m the 
standard leads (Fig 5) 

In 9 patients with left ventricular enlargement no 
criteria of hypertrophy were found m the chest 
leads In one the record was taken durmg a 
paroxysm of auncular tachycardia Although the 
R waves were absent m V 1, the S waves were only 
9 mm Two days later the paroxysm had stopped 
and deep S waves were then present Two more 
cases developed characteristic changes m a later 
record Four had hypertension with slight to 
moderate cardiac enlargement, and no reason could 
be found why the chest leads were normal In all, 
the R waves were small m leads V 1 and V 2, 
varymg from 1 to 2 mm , but the S waves were from 
9 to 11 mm In two patients the chest leads were 
qmte normal, but both had considerable displace- 
ment of the heart, one from an old empyema, one 
from kypho-scoUosis 

In 9 cases the first cntenon was present without 
clinical evidence of left ventncular enlargement 
In 5 of these some hypertrophy may m fact have 
been present One was a young woman admitted 
to hospital with acute pulmonary cedema, who 
gave a history of two similar attacks for which she 
had been kept m bed a month and 6 weeks respec- 
tively her lung roots were pronunent but the heart 
appeared to be normal m size Another was a 
soldier with a history of acute nephntis three years 
previously and a relapse a month before when the 
blood urea was 72 The third had myxoedema with 
a B M R of —35 per cent, the heart did not seem 
to be enlarged, but the pulsations were feeble Two 
cases were seen m surgical wards and skiagrams 
were not taken The first had gangrene of a toe 
with moderate elevation of the blood pressure, 
and the second was very obese and had had a pul- 
monary embohsm after the removal of an umbilical 
hernia 

Of the remaimng 4 cases, one had angina pectoris, 
2 had moderate hypertension, but the heart was 
not enlarged In the last patient it is possible that 
an errpr m standardization may have been made 
Coronary occlusion had been suspected but the 
pam was due to gall stones and the heart was normal 
Two years later the chest leads were normal 


Right Ventricular Hypertrophy 
The characteristic changes of right ventncular 
hypertrophy are seen in lead V 1 The intnnsic 
deflection is delayed owmg to the time taken by the 
impulse to reach the surface of the thickened nght 
ventncle A late R wave is seen S is either absent 
or dimmutive There may be a small primary 
R followed by a primary S (Fig 7A) or else a 
small Q (Fig 7B) Sometimes these small primary 
deflections appear as a notch on the upstroke of 
R (Fig 8A) These features may be limited to 

V 1 (Fig 8B) or may be seen also in V 2, V 3, and 

V 4 (Fig 7B) In leads to the left of the praecordia 

5 waves are usually seen, but there is no abrupt 
transitional pomt as occurs m left ventncular 
hypertrophy The T waves may be mverted m any 
of the prEECordial leads 

Although the changes m V 1 are characteristic, a 
considerable amount of nght ventricular hyper- 
trophy must be present before they appear, smce 
they mdicate that the thickness of Ae nght ventri- 
cular wall approaches that of the left The position 
of the heart is always vertical when the praecordial 
leads show nght ventncular hypertrophy 
In some cases where V 1 was normal, evidence of 
right ventncular hypertrophy was found m lead 
V3R, m which the electrode is placed on a pomt 
midway between the nght sternal border and the 
nght mid-clavicular hne (Myers, Klein, and Stofer, 
1948) 

Nmeteen cases showed the changes of nght 
ventncular hypertrophy 10 had advanced mitral 
stenosis 8 had congemtal heart disease, comprising 

6 cases of auncular septal defect, and 2 of pul- 
monary stenosis One case with old standmg Pott’s 
disease is mcluded smce the R wave m V 1 was 
greater than the S, but the curve was bizarre from 
the gross distortion of the chest 

Eight cases had chnical evidence of right ven- 
tncular hypertrophy but the prsecordial leads were 
normal 3 of these had mitral stenosis, 4 had 
asthma or severe bronchitis, 1 had an auncular 
septal defect, but the heart was displaced to the left, 
and probably rotated, by scohosis In two patients 
with mitral stenosis, the heart was normal m 
position In the remamder it waswertical 

Bundle Branch Block 
In bundle branch block the intrinsic deflection is 
delayed on the side of the lesion, but occurs early 
on the healthy side The QRS has usually a slightly 
longer duraUon than m standard leads 
In left branch block R is dimmutive or absent m V I 
and V 2 and a deep broad S wave occurs (Fig 9A) 
In leads over the left side such as V 5 and V 6 a 
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large broad notched R is seen The position of 
the transitional point is very vanable and the 
R Nvave may not appear until V 6 (Fig 9B) This 
seems to happen particularly when the heart is 
vertical Discordant types of standard leads occur 
when the heart is normal or horizontal con- 
cordant when the heart is vertical These terms no 
longer serve any purpose smce they signify changes 
that are confined to the standard leads and are 
due merely to diflfermg positions of the heart 
Occasionally standard leads may suggest a nght 
branch block, when the chest leads are charac- 
teristic of a left-sided lesion (Fig 10) 

Out of 17 cases of left branch block, the heart 
was honzontal m 14 (Fig 9A) and was vertical m 3 
(Fig 9B) 

In right branch block a broad notched R occurs m 
V 1, and often m V 2 as well (Fig 1 lA) Occasion- 


ally the R IS preceded by a small Q , more often 
there is a dimmutive pnmary R with a succeeding 
S which IS followed by a large secondary R (Fig 
IIB). A deep Q m V 1 and V2 m nght branch 
block IS due usually to the involvement of the 
septum in an antero-septal infarct, and will be 
descnbed later In leads to the left of the praecordia 
a slender R wave is followed by a broad ^ (Fig 
IIB) The R wave is not small or absent as m 
leads over the right side m left branch block because 
the impulse takes longer to pass through the thicker 
left ventncular wall to reach the epicardium 
Some curves do not conform either to a nght- 
or left-sided lesion In these cases the disease is 
probably bilateral (Fig 12) 

Right branch block was present m 14 patients 
Of these the heart was m a normal or honzontal 
position m 6 and m a vertical position m 8 according 





Fig 9 — Left bundle branch block (A) Discordant QRS 0 18 second 

V 3 Large notched R m V 5 and V 6 TransiUonal point see' 

(B) Concordant QRS 0 12 second V I, V 2, V3 diminutive R^ 
notched R S absent The heart is vertical ( 

Fig 10 —Left bundle branch block QRS 0 16 second Standard lead 

V 3 have small R waves with very deep S waves V 4-V 5 are transit 

S dimmuuve The heart is vertical ' ‘ 


Small R with deep S m V 1, V2, and 
I The heart is hon^^nt;*! 
pS AtV6' 


nch block 
but notch 
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A B 

Fig 1 1 —Right bundle branch block (A) QRS 0 15 second Complete heart block 
V 1 and V 2 have a large notched R without an S V 5 and V 6 a slender R 
followed by a broad S The heart is vertical according to Wilson but horizontal 
according to Goldberger (B) QRS 0 14 second V 1 has small R with S followed 
by large secondary R V2 has notchmg of upstroke of R V5 and V6 have 
tall but slender R followed by broad S The heart is senu-honzontal 


to the Wilson et al (1944) explanation According 
to the Goldberger (1944) explanation it was normal 
or horizontal m all Seven of the cases were of 
the antero-septal infarction type 
Incomplete Bundle Branch Block Incomplete 
fight branch block may b? diagnosed when 
embryonic R waves appear m V 1 m conjunction 
with mcreased duration of the QRS (Wilson et al 
1944) A durunutive R is followed by a small S, and 
a small secondary R (Fig 13) 

Incomplete left branch block is impossible to 
distmguish from left ventncular hypertrophy with 
prolongation of the QRS 


Cardiac Infarction 

Smce prsecordial leads face the part of the 
advancmg wave that is activatmg the anterior 
sroace of the left ventncle, they show characteristic 
cl^gra oidy m antenor infarcts In postenor 
i^arction they face the tail of the wave and may 
have some depression of the S-T mterval Other- 
^e they are normal, although signs of left ven- 
tocular hypertrophy may be seen m cases of 
hypertension 

Id antenor i^arcts mvolvmg the whole thickness 
of the ventncular wall, deep QS waves are seen m 
the prsecordial leads When the muscle is dead or 
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Fig 12 Fig 13 

Fig 12 — Bundle branch block, predominantly nght sided. QRS 0 14 second. 
V I has small R followed by broad S with larger secondary R. V 5, V 6 the 
R and S are approximately equal m duration 

Fig 13 — ^Incomplete right branch block QRS 0 10 second. V 1 has a diminu- 
tive R and S followed by a small secondary R V 5 and V 6 slender R 
followed by broader S From a patient with hypertension and left 
ventricular enlargement The heart is horizontal 


irresponsive there is nothing to prevent the initial 
negativity of the ventncular cavity passing straight 
through to the chest electrode As Wilson et al 
(1 944) pomts out, it is as if a window had been cut m 
the ventricular wall Elevation of the RS-T junc- 
tion and sharply pomted negative T waves are also 
present In antero-septal infarction the pnecordial 
leads chiefly affected are those to the right— V 1, 
V 2 and V 3 In this type lead I is often normal 
If the infarct involves the septum, the bundle 
branches may be cut The combmation of the 
changes due to anterior infarction and to right 
branch block gives a characteristic picture If the 
left branch is cut, signs of infarction seldom appear 


This IS partly because the large diphasic complexes 
of left branch block engulf the RS-T deviation and 
negative T waves, and partly because in left branch 
block the left ventncular cavity does not become 
negative until the impulse crosses the septum Only 
if the whole thickness of the septum is involved m 
the infarct, will the negative potentials of the right 
ventricular cavity be transmitted through the dead 
muscle to the left, and allow Q waves to appear 
If the infarct is situated towards the lateral wall — 
the antero-lateral infarct — pleads V4, V 5, and V 6 
will show the maximal changes In small sub- 
endocardial infarcts not mvolvmg the whole thick- 
ness of the wall, Q waves may be absent Bowed 
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inversion of T may be the only evidence found 
This must be distinguished from inversion due to 
hypertrophy or digitalis The height of the R wave 
in the prascordial leads may help In health the 
R increases as the electrode is moved from right to 
left, and this tendency is more pronounced m left 
ventricular hypertrophy A duninution in the 
height of the R as the electrode is moved to the 
left IS valuable corroborative evidence of infarction 
Or in some cases of left ventricular hypertrophy, 
the R wave may remain diminutive in V 5 and V 6 
(Fig 14) Occasionally the chest leads may be 
normal, and yet leads I and VL may be typical of 


infarction In cases of this kind Wilson (1946) 
has found that the prascordial lead changes were 
present at a higher level of the chest, and he places 
the electrode at the usual positions but along the 
third interspace 

Extensive Anterior Ii\farction In extensive 
anterior mfarction QS waves with elevation of 
the RS-T junction and deep mversion of T appear 
m all the chest leads (Fig 15) In 7 cases of this 
type 2 died and 2 developed a cardiac aneurysm 
In all T was inverted m lead VL and in all but 1 in 
lead I, when it was flat In 3 cases T was negative 
m lead IT as well as in lead I 



VR 


VL 


VF 







Fig 14 Fig 15 

Fig 14 — Anterior infarction Q waves, clevauon of the RS-T junction and 
bo%ved inversion of T m leads I and VL Chest leads show only left 
ventncular hypertrophy, but the R wave is unusually small m V 5 and V 6 
The heart is horizontal 

Fig 15 — Extensive antenor mfarction QS waves are seen from V1-V6 
with bowed inversion of T ’ 
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Antero-septal Infarct The changes affect esijeci- 
ally leads to the nght, such as VI, V 2 and V 3 
T is upnght in V 6, and usually m V 5 (Fig 16) 
There were 10 cases of this type In 8 there was 
bowed inversion of T in VI, V2, V3, and V4 
in the others V 3-V 5 were affected In 7 of these 
cases T was also just inverted in VL, but in two only 
was It inverted in lead I though in two more it was 
flat 

Antero-septal Irfarct with Right Bundle Branch 
Block When an antero-septal infarct mvolves the 
septum, the nght branch may be cut A deep Q 
is then seen m V 1, V2, and V 3 (Fig 17A) This is 
followed by a late R, from the descending limb of 
which arises the bowed T wave, with considerable 


elevation of theRS-Tjunction The QRS is widened 
In leads to the left a slender R wave is seen and the 
T waves may be normal (Fig 17B) Standard leads 
may show little more than widening of the QRS 
(Fig 17A), though the T wave may be bowed in 
lead I 

There were 6 cases with this combination In 
5 there was complete nght branch block, the 
duration of the QRS varying from 0 12 to 014 
second Three of these patients died, in another 
the block was temporary only, disappeanng in a 
week The right branch block was incomplete in 
1 case, the QRS being Oil second (Fig 16) 

Aiitero- and Postero-lateral Infarct Here the 
changes are seen in leads to the left of the prsecordia 



Fio 16 — Antero-septal infarction with incomplete nght branch block Bowed mversion of T in VI, V2, 
and V 3 The T wave m V 4 and lead I is normal QRS 0 1 1 second Dimmutive pnmary and 
secondary R waves m V 1 The patient gave a history of recent short attacks of angma at rest 

Fig 17 — ^Antero-septal infarction with nght bundle branch block (A) Deep Q waves present m V 1, 
V 2j and V 3 with elevation of the RS-T junction and bowed inversion of T from V 1-V 5 QRS 012 
second Delayed intnnsic deflection m V 1, with slender R and broad S in V 6 (B) Q waves present 

with inversion of T m V 1, V 2, and V 3 QRS 0 14 second V 1 and V 2 have broad R waves with 
a delayed intrinsic deflection The R wave is small in V 5 and V 6 At autopsy the infarct was anterior 
and apical, and mvolved the upper part of the septum 
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(V 5 and V 6) and also m lead I and m VL There 
were 12 patients in this group of whom 6 had 
mversion of T m V 4, V 5, and V 6, and 6 m V 5 
and'V6 only In 11 of these 12 patients T was 
mverted m lead I and m VL m the twelfth it was 
flat m both In 6 of the 12 T was also inverted m 
lead n and m 5 it was mverted m VF, bemg flat m a 
sixth 

Posterior Infarct In postenor infarction the 
counterpart of the praecordial leads is the oesophageal 
lead smce this lead faces the wave as it advances 
through the infarcted area But lead VF also 


reflects the changes over the diaphragmatic or 
postenor surface of the left ventncle Lead IH 
is VF-VL, and VL faces the tail of the wave m 
postenor mfarction To the depth of Q m VF wiU 
be added m lead HI the revers^ R of VL, to the 
upward deviation of the RS-T junction, the reversed 
depression of the RS-T junction m VL, to the 
negative T of VF, the reversed positive T of VL 
Lead III, therefore, always shows more pronounced 
changes than VF but m a sense these are spunous, 
bemg due to the subtraction of opposite values m 
VL(Fig 18A) 






V 1 


V2 


V3 




Fig 19 


Fig 18 — ^Postenor infarction (A) Q waves and negaUve T waves m leads II, m, and VF Chest 
leads are normal (B) Chest leads show left vcntncular hypertrophy, with deep QS m V 2 

Fig 19— Left ventncular hypertrophy with right axis deviation and a vertical heart. Concave 
depression of S-T interval due to digitalis seen m leads I, n, m, VF, and V 6 Convex 
elevation of S-T mterval seen m leads VR, VL, V 1, V2, V 3, and V4 From a patient wth 
mitral stenosis, aortic mcompctence, hypertension, auncular fibrillation, and congestive 
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Praecordial leads may show some depression of 
the RS-T junction Sometimes the i, farct may 
encroach upon the lateral wall of the left ventricle, 
and mversion of T may be present in V 6 In other 
cases mversion of T m the prsccordial leads may be 
due to left ventricular hypertrophy, or to a previous 
anterior infarct 

There were only 8 patients in this group All 
had Q waves and deep inversion of T in VF as well 
as in lead III, and to a less degree m lead IT In 
one case T was mverted in V 6 One patient with 
considerable hypertension and another with aortic 
mcompetence had evidence of left ventricular 
hypertrophy m the chest leads (Fig 1 8BJ Inversion 
of T m V 4, V 5, and V 6 in one case was probably 
due to a previous anterior infarct 

Congenital Heart Disease 
In a small miscellaneous group of congemtal 
heart lesions compnsmg cases of dextrocardia (4), 
pulmonary stenosis (1), and aortic stenosis (1), the 
curves were either bizarre or within normal hmits 

Effect of Digitalis 

Digitalis causes the same depression of the RS-T 
junction, and negative T waves, m leads to the left 
of the prsecordia such as V 5 and V 6, as it does in 
the standard leads The inversion due to digitahs 
may be difficult to distinguish from that of left 
ventricular hypertrophy and both may be present 
m the same record The negative T due to hyper- 
trophy IS usually convex, while the T wave of 
digitahs saturation is concave A considerable 
digitalis effect may mvolve all the praxordial leads 
When this occurs m advanced leff ventricular 
hypertrophy vwth deep QS waves from V 1-V 4, 
convex elevation of the S-T interval takes the place 
of depression m these leads (Fig 19) This is 
due to the fact that leads to the nght of the pnecordia 
have the same characteristics as lead VR Smce 
VR IS in effect an intracardiac lead, the deflections 
are altered by digitalis, as also by anterior infarction 
(Fig 17B), m an opposite direction to those of 
lead I, VL, and the leads to the left of the prtecordia 
In n^t ventricular hypertrophy, mversion of T can 
occur m all the prsecordial leads in the absence of 
digitahs, and a digitalis effect can seldom be 
distmguished 

Discussion 

Multiple prsecordial leads have given an accurate 
picture of left ventricular hypertrophy in 90 per cent 
of the cases m whom it was judged to be present on 
other grounds The most satisfactory cntenon has 
been a dimmution m the height of the R wave and 
an mcrease in the depth of the S wave m leads to 


the right of the prscordia Left axis deviation was 
present m only half those who showed this change 
In some of the cases with a normal electrical axis, 
and m all those with right axis deviation, unipolar 
limb leads showed that the heart was vertical In 
autopsies performed on such cases the nght ventricle 
has always been found to be hypertrophied as well 
as the left The combination of signs of left ventn- 
cular hypertrophy m the chest leads and a vertical 
heart would seem to mdicate hypertrophy of both 
ventricles 

In nght ventricular hypertrophy chest leads are 
not so successful smce lesser grades of hypertrophy 
do not alter the curves The heart is always in a 
vertical or semi-vertical position when the charac- 
teristic changes are present miead V i 
In bundle branch block it is nearly always possible 
to determme the side of the lesion The form of the 

standard leads vanes greatly with the position of the 
heart and curves are concordant when the position 
is vertical Occasionally the standard leads may 
suggest a nght branch block, when in fact the lesion 
IS on the left side The reverse has not been seen 
Although m general the maximal changes in 
infarction are usually to be found m the region of 
the apex, localization is more exact when multiple 
leads are taken A clearer picture is given of the 
extent of infarction Antero-septal and antero- 
lateral types can be distinguished The combuiation 
of anterior infarction and right bundle branch block, 
due to mvolvement of the septum, is clearly seen 
The information given by the apical lead IV is 
madequate in many respects Ventricular hyper- 
trophy IS not shown by it at all Indeed, it often 
hes m the transitional zone which is under the 
influence of both ventricles The lead does not 
assist in determimng the side of the lesion m bundle 
branch block In antero-septal mfarction the 
changes may be lunited to leads to the nght of the 
prsecordia and the apical lead may be normal 
When several points on the chest wall are to be 
explored, it is important that all extraneous mfluence 
should be elimmated as far as possible Since CR 
and CF leads are bipolar, the extremity used has 
some effect upon the curve Although m 90 per 
cent of cases these leads were found to be sufficiently 
accurate as regards the T waves, distortion was 
appreciable in the remaining 10 per cent Inverted 
T waves may be recorded m CF leads, if the heart 
IS vertical, owmg to negative distortion from the 
left leg Negative T waves may be made positive 
in CR leads by distortion from the right arm The 
distortion is not, however, confined to the T waves 
R waves will be more positive in CR leads and S 
waves will be more negative in CF leads, with the 
result that the balance of a senes may be altered 



UNIPOLAR CHEST AND LIMB LEADS 


25 


and left ventncular hypertrophy may be missed or 
diagnosed wrongly The mupolar method of 
Wdson appears to be accurate withm narrow limits 
The leads are simple and easy to apply If they 
become, as we beheve they will become, the standard 
method of takmg chest leads, mstrument makers 
will have no difficulty m mtroducmg a switch that 
will obviate the need for any additional connections 
Unipolar limb leads enable the position of the 
heart to be ascertamed Axis deviation is a com- 
pound of positional changes and hypertrophy, 
whereas the umpolar hmb leads vary, as regards 
the R and S waves, with position only When the 
position IS normal, lead VL reflects the potentials 
of the antenor surface of the left ventncle, and 
lead YF of the posterior surface, more accurately 
than do leads I and m In lead I a state of 
negativity at the left arm may be obscured by the 
subtraction of a greater state of negativity at the 
right arm The T wave is, therefore, mverted m 
lead VL m antenor infarction more often than m 
lead I In lead lH the reverse occurs VL, facing 
the tail of the wave, will have positive deflections 
and this, when subtracted from the negative deflec- 
tions obtainmg at the left leg, will cause lead m 
to have more pronounced changes than VF 
The difficulty with the umpolar method is the 
time required to take a twelve lead electrocardio- 
gram It is hardly practicable for general use 
We have found that three chest leads give a reason- 
ably accurate picture if they are varied according to 
circumstances Thus, V 2, V 3, and V 4 will register 
the changes of infarction if the heart is not enlarged 
If enlargement is present, it is better to bracket the 
apex thus V 4 and V 5 may be used or, if enlarge- 
ment is gross, V 5 and V 6 When nght-sided 
hypertrophy or right branch block is suspected, 
V 1 IS more appropnate than V 2 In left-sided 
hypertrophy the S wave is usually deeper m V 2 


than in V 1 Further expenence will probably 
suggest bejier combinations of leads It has been 
suggested (Goldberger, 1942) that unipolar lunb 
leads may come to supplant the standard leads 
Although this IS possible, it seems certain that it 
must be a long time before the knowledge which has 
been accumulated regardmg the standard leads can 
be safely discarded 

Conclusions 

A series of 300 twelve lead electrocardiograms 
taken with the umpolar method devised by Wilson 
have been analysed 

Left ventncular hypertrophy has been diagnosed 
from the prsecordial leads m 90 per cent of those in 
whom it was judged to be present on other grounds 
Left axis deviation was present m half of these cases 

Right ventncular hypertrophy causes characteristic 
changes m leads to the nght of the priecordia, but 
a considerable amoimt of hypertrophy is needed 
to produce them 

In bundle branch block it is almost always possible 
to deterrmne the side of the lesion Left branch 
block has sometimes been shown to be present by 
the pnecordial leads, although the standard leads 
suggested a nght-sided lesion 

Anterior infarction can be divided into antero- 
septal and antero-lateral types The combmation 
of antenor mfarction and a nght branch block, due 
to mvolvement of the septum, is clearly shown 

The umpolar method avoids the distortion that 
occurs m a proportion of cases when bipolar leads 
such as CR and CF are used Umpolar leads are 
preferable when multiple prsecordial leads are 
employed 

We wish to thank Mrs Glynton, formerly cardio- 
grapher to the hosp<tal, for help m the preparation of 
this paper 
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Temporal artentis was first descnbed as a separate 
syndrome by Horton, Magath, and Brown m 1932 
The clinical features of headache associated with 
mflamed and tender temporal artenes, the histo- 
logical appearance of excised portions of these 
artenes, and the apparently self-limited course of 
the disease led them to suggest that this was a new 
chnical entity Smce then about forty cases have 
been recorded and in an excellent r&um6 of these, 
which mcluded seven of their own, Cooke, Cloake, 
Govan, and Colbeck (1946) have produced clmical 
and pathological evidence to support their view 
that temporal artentis is a generalized vascular 
disease that is distmct clinically and pathologically 
from thrombo-angiitis obhterans and penartentis 
nodosa They point out that the charactenstic 
chnical features are anorexia, loss of weight, jomt 
and muscle pains, pyrexia, pamful arterial throm- 
bosis, and severe headaches occumng in elderly 
patients, and that at least half so far reported have 
had visual disturbances leading m many instances 
to complete loss of sight In two cases a charac- 
tenstic histological picture was noted m all the 
main artenes of the body mcludmg the aorta and 
coronanes 

Smce 1931 I have had three patients with the 
disease, under observation Details of the first 
were pubhshed previously m a paper by Jenmngs 
(1938) Of the other two descnbed here, one 
sufiered from severe angma of effort m addition to 
charactenstic signs and symptoms, and died m a 
typical attack of coronary thrombosis In other 
respects all three were remarkably similar 

Case Notes 

Case 1 — man, aged 68, who until the age of 
65 had worked as a farmer, was sent to me on 
December 4, 1945, for severe temporal headache 
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In 1942 he began to suffer from pam m the 
middle of the phest on exertion which passed off" 
when he rested This gradually grew more severe 
so that he was forced to give up work, and by 
October 1945 he could not walk more than 200 
yards without restmg The pam was gnppmg m 
character and when severe tended to radiate all 
over the chest and up mto the neck It was worse 
in cold weather but did not come on apart from 
effort At the end of October he developed a pain 
m the left temple This was stabbing m character 
and m a few days became extremely severe At 
the same time he noticed that the “ vems ” m his 
temple got qmte thick and his head felt “ wooden ” 
The pam came on m bouts which would sometimes 
last all day or mght, and lyas at times “ almost 
unbearable ” At the end of a week the same trouble 
came on m the nght temple with similar severe pam 
and the “ vems ” there became swollen The 
condition m both temples contmued with varying 
severity until I saw him on December 4, when the 
frequency and duration of the attacks had some- 
what lessened 

In the past he had had no senous illnesses but 
had suffered from “ rheumatism ” in the shoulders, 
back, and thighs, for some years which had become 
worse He had hved a strenuous hfe as a farmer m 
the Fens and smoked and drank moderately 
His father died suddenly at the age of 56 and his 
mother died m her sleep at 70 He thought that 
his grandparents had lived to a good age and there 
was nothing else significant m the family histoiy 

On exammation, the temporal artenes on both 
sides appeared swollen, tender and tortuous, and 
there appeared to be a good deal of penartenal 
swelhng There was some redness of the skin in 
places over the nght temporal artery The occipital 
artenes were not affected Pulsation m the artenes 
was very shght or absent The radial and brachial 
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artenes showed very shght thickening and tor- 
tuosity The optic iscs did not show any abnor- 
mabty A locahzed systohc murmur was audible 
at the apex, m all positions, but the heart sounds 
were otherwise normal Cardioscopy did not show 
any enlargement The cardiogram was normal and 
the Wassermann reaction on the blood negative 
The urme was normal The blood count did not 
show any change except a leucocytosis of 10,500 
with 76 per cent polymorphs The movements of 
the back and jomts were fairly free for a man of his 
age and type, and the other systems appeared 
normal 

Progress — ^During the next fortmght the attacks 
of pain m the head gradually became less severe 
and frequent, the swelhng of the temporal artenes 
almost subsided and the tenderness and redness 
disappeared but pulsation was still difficult to 
detect By May, his headache had completely 
gone but the pam m his chest was more severe and 
brought on even by shavmg His general condition 
had detenorated and he had lost 16 pounds m 
weight in four months Some tortuosity and 
penartenal thickeiung of the temporal artenes 
remamed but the tenderness had gone The 
cardiogram was unchanged Dunng the summer of 
1946 his general condition improved considerably, 
he gained weight and the pain in his chest grew less 
severe and he was able to walk about a little He 
died in September a few hours after what appeared 
to be a typical attack of coronary thrombosis 

Case 2 — A man, aged 64, was admitted to 
Addenbrooke’s Hospital on January 18, 1938, for 
pam m the head and fever In October 1937 he 
developed pains m the back of the neck, shoulders, 
left elbow and legs, which he attnbuted to working 
in a damp place These pains persisted mter- 
mittently and especially affected his left hand so 
that he found he had difficulty m holdmg his tools 
A few weeks after the onset, pains m his forehead 
came on, gnawmg and achmg m character, lastmg 
for 4-5 hours at a time, and made worse by move- 
ment He also found that he could not see clearly 
to read and that a bnght hght would bnng on a 
throbbing pain behmd the eyes These symptoms 
persisted until he was admitted 

In the past he had pleurisy and pneumonia about 
1^0 and an attack of bronchitis in 1935 He had 
i^n subject to winter cough and attacks of bron- 
chitis almost all his life Bom and bred in Cam- 
nndge, he had worked as a joiner, was teetotal and 
^oked about four ounces of tobacco a week 
His father and mother both died of “ old age ” at 
me ages of 65 and 70 respectively Two sisters and 
one brother were alive and well and there was 
nothing significant m the family history 

C 


He was rather thin (weight 8 st 3 Ib ) and looked 
his age His temperature was 99° F and his 
pulse rate 100 He complamed of severe gnawmg 
pam m both temporal regions and to a lesser 
extent m the shoulders, left arm, back, and legs 
The temporal artenes on both sides appeared 
swollen, tender, and tortuous, with small nodules 
along them course Palpation gave a sensation of 
penartenal thickenmg and m places there was 
actual reddenmg of the skm over the Ime of the 
artery The occipital artenes on both sides were 
similarly affected He said that the swelhng of his 
artenes had developed smce his illness began 
The rest of the cardiovascular system did hot show 
any gross abnonnahty There was shght tortuosity 
of the radial and brachial and shght narrowmg of 
the retmal artenes The blood pressure was 
130/90 Radiologically the heart was not enlarged 
No evidence of disease was found m the other 
systems Movements of the spme were free 
The urme was normal X-ray of the cervical 
region showed some osteoarthntis of the spme 
X-ray of the skull did not show any abnormahty 
The blood urea was normal, the Wassermann 
reaction negative and the blood count normal but 
for a leucocytosis of 13,800 
Progress — After admission he ran m mtemuttent 
temperature of 100-101 occasionally nsmg to 102 
for four weeks which then gradually settled At the 
same tune the pains m the head, the eye symptoms, 
and the redness of the skm and swellmg around the 
artenes gradually subsided and his other pams also 
cleared up On discharge his general condition 
also was very much better In February 1939 he 
was seen agam and all his symptoms and signs had 
disappeared except for shght tachycardia He 
remamed m fam health imul the followmg December 
when he developed a severe attack of bronchitis 
from which he died m January 1940 
Case 3 — ^An unmamed woman, aged 72, was 
under my care m Addenbrooke’s Hospital m 1931 
and was reported by Jennmgs (1938) She showed 
identical asymmetncal signs and symptoms m the 
temporal artenes, which lasted for about four 
months and then cleared up While she was m 
hospital for five days her temperature vaned 
between 99-100 She had a moderate degree of 
artenosclerosis but no other evidence of disease 
After she had recovered, she was able to five a quiet 
life at home appropnate to her age for two years 
until she collapsed suddenly one afternoon and 
died m a few hours 
No autopsies could be obtamed 

Comment 

These three patients all presented a stnkmgly 
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similar climcal picture which agrees in all essential 
points with other descnptions of the disease The 
age of onset was between 65 and 72, and the symp- 
toms and signs produced by involvement of the 
temporal arteries were almost identical and ran a 
similar course lasting from four to six months 
All three showed evidence of artenosclerosis m the 
radial and brachial artenes and two died suddenly 
from cardiovascular accidents In addition to the 
severe symptoms arising from the temporal artenes 
in all three and from the occipital artenes in one, 
the followmg symptoms were also noted Pain 
in the back and limbs m 2, fever m 2, weakness of 
the arm in 1, blumng of vision in 1 and marked 
loss of weight in 1 The association with angina 
of effort may have been a coincidence but Cooke 
found changes m the aorta and coronary artenes 
similar to those m the temporals 
In the majonty of cases the key to the diagnosis 
has been severe headache leadmg to the discovery 
of involvement of the temporal arteries If the 
characteristic picture is known, the diagnosis can 
be made on clinical grounds alone m the more 
obvious examples In those that are more obscure 


it is important to remember the less obtrusive 
symptoms and signs so that they will be recognized 
even when the artenes of the scalp are not signally 
involved 

More cases should be published m order that 
the condition may be widely recognized and more 
may be learned about its protean mamfestations 
Robertson (1947) has recently descnbed four more 
which he has observed in a single year The fact 
that so many have been described smce it was first 
noted and that some observers in different countnes 
have each been able to collect several, suggests that 
it may be a good deal less rare than is supposed 
More, too, has to be learned about prognosis which 
is difficult to assess in patients of this age At 
present the general verdict is that it is good as far as 
the local condition in the temporal artenes is con- 
cerned, for this tends to clear up m about a year 
whatever treatment is given It is not yet so clear 
how far extension of the process to other more vital 
artenes may be responsible for deaths such as 
occurred in these three patients and a follow-up of 
more cases is needed, supported by full post-mortem 
examination 
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This IS the record of a case of hypertension start- 
ing m childhood and leading to death from heart 
failure at the age of 24 There is strong presumptive 
evidence that the hypertension was preceded by 
occlusion of the main renal arteries 

Case Report 

Irene H , single, aged 24 years, was admitted to 
hospital on January 1, 1947, with severe heart 
failure 

Familv History — Her father suffered from asthma 
and was killed at the age of 26 One brother was 
killed in the Second World War The mother and 
three sisters are alive and well 
Past History — ^When aged 4, she had an operation 
for intussusception, a gland w'as removed and a 
diagnosis of mesenteric tuberculosis was made 
When 8, she had diphtheria with no complications 
Present History — At the age of 13, when running 
in a race, she became unduly breathless and on 
examination was said to have an “ enlarged heart ” 
Soon after this she xras diagnosed as having pul- 
monary tuberculosis on some shadowing in the lung 
fields, and was treated in a sanatorium for six 
months An X-ray taken at this time showed 
cardiac enlargement and pulmonary oedema (Fig 1) 
She remained afebrile throughout and the sputum 
was never positive for tubercle An X-ray four 
months later showed lungs much clearer”, the 
heart was unchanged She remained under observa- 
tion by the Tuberculosis Officer for the next four 
years On several occasions heart sounds were 
noted as loud and nnging but there was no record of 
the blood pressure Her doctor states that for the 
last SIX years he has treated her for recurrent attacks 
of left \entncular failure and recently for congestive 
failure as well Ten days before admission to 
hospital she developed a “ cold,” followed by 
increasing dyspnoea 

Examination — Pale and orthopnoeic, venous pul- 
D* 


sation in the neck and visible pulsation m the 
brachial artenes No clubbing of the fingers 
Pulse 120, regular, very small volume Apex beat 
16 cm from the mid-line, heaving First sound at 
the apex loud, aortic second sound very loud and 
an aortic diastolic murmur audible at the second 
right costal cartilage Triple rhythm present due 
to the addition of a fourth heart sound Blood 
pressure 210/100 mm Harsh breath sounds with 
diffuse rhonchi over the right lower lobe, and coarse 
crepitations at both bases Liver enlarged 5 cm 
below costal margin, moderate oedema of the 
ankles and over the sacrum Retinal arteries 
narrow and bright, no hiemorrhages or exudate 
The urine contained a trace of albumin and the 
deposit showed occasional epithelial cells only 
A radiograph showed considerable enlargement 
of the left ventricle, diffuse dilatation of the aorta 
with some calcification in the aortic knuckle, and 
patchy pulmonary oedema (Fig 2) 

An electrocardiogram showed left ventricular 
preponderance with R-T depression and T wave 
inversion in leads I and CR7, a diphasic T wave in 
lead II and R-T elevation in lead III, and a biphasic 
P wave in lead III 

Renal function blood urea, 70 mg per 100 ml , 
urea clearance (1) 37 ml 3 3 percent urea, standard 
clearance 68 per cent, (2) 12 ml 3 4 per cent urea, 
standard clearance 40 per cent 
Blood count R B C , 3 99 million per c mm 
Haemoglobin 82 per cent, colour index 1 0, W B C , 
12,000 per c mm Wassermann reaction (±) 
Progress — Under treatment by complete rest, 
oxygen, digitalis, and mercurial diuretics she showed 
some temporary improvement, and the oedema of 
the legs disappeared Twelve days after admission 
she died suddenly 

Necropsy Report 

The body of a thm, but not emaciated, young 
woman of medium height showing engorgement of 
29 
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Fig 1 — Radiograph at age of 1 3 showing left ventncular 
enlargement and pulmonary cedema involving upper 
and mid zones (August 23, 1936) 

the veins of the neck and cyanosis of hps and ears 
Slight oedema at the ankles, no ascites, no jaundice 
or clubbing of fingers Nothing in the facies to 
suggest congenital syphilis 

The abdominal cavity contains about 100 ml of 
clear straw-coloured fluid Both pleural cavities 
contain about 200 ml of clear fluid , no adhesions 
The pencardial cavity contains about 20 ml of 
clear yellow fluid, and there are fine adhesions 
between the anterior aspect of the left ventricle and 
the parietal pericardium, of fairly recent origin 
The mouth shows no noteworthy change, tonsils 
not enlarged, no abnormalities of the teeth The 
trachea and bronchi contain frothy oedema fluid, 
oesophagus appears normal 

The heart (Fig 3) is much enlarged and weighs 
890 grams There is great left ventricular hyper- 
trophy, and moderate hypertrophy with considerable 
dilatation of the other chambers Thickness of 
right auricle, 2 mm , right ventricle, 8 mm , left 
auricle, 4 mm , left ventricle, 24 mm , circum- 
ference of orifice of pulmonary artery, 7 5 cm , of 
tricuspid valve, 12 cm , of mitral valve, 8 5 cm , of 
aorta at origin, 12 5 cm The nght heart showed 
the greater dilatation Both aunculo-ventricular 
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Fig 2 — Radiograph at age of 24 showing left ventncular 
enlargement, aortic dilataUon, and patchy pul- 
monary oedema (January 9, 1947) 

valve rings are dilated, valve cusps normal The 
pulmonary valve cusps appear normal The pul- 
monary artery shows a few small atheromatous 
patches The left auricle is dilated The left 
ventncle is greatly hypertrophied, there are a 
number of old fibrous scars in the myocardium, 
and an area of fibrous infarction lying antenorly 
towards the apex The aortic valve cusps show 
shght rolling of the free margins of the cusps and 
some fibrous thickemng, without separation of the 
commissures The coronary artenes are consider- 
ably dilated, tortuous, thickened, and show intimal 
calafication The first part of aorta is generally 
dilated beyond the sinuses of Valsalva, where the 
diameter is 12 5 cm Throughout its length, the 
aorta shows patchy intimal thickening, with calcifi- 
cation, and linear scarnng associated with athero- 
sclerosis, the whole intima being covered by plaques, 
some calcified and many ulcerated with small 
thrombi upon them In addition to these generalized 
lesions of the intima, there are two cunous lesions 
that appear to have arisen as dissecting aneurysms 
The first of these is situated in the thoracic portion, 

4 5 cm distal to the origin of the innominate 
artery, and consists of a crescentic fold m the wall. 
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concavity downwards, lined by mtima There 
appears to have been a cleavage in the wall of the 
aorta occurring after the manner of a dissecting 
aneurysm, which has become arrested and subse- 
quently lined by intima 

The second lesion, situated 4 cm below the 
diaphragm in the abdominal aorta, is an aneurysmal 
swelhng 4 5 cm in length and 3 cm in diameter, 
presenting antenorly, and communicating with the 
aortic lumen by two orifices, separated from one 
another by a bndge of aortic tissue The appear- 
ance IS that of a dissecting aneurysm which has 
re-entered the aorta just below its origin Just 
above the bifurcation, the aorta shows a gross 
fusiform aneurysmal dilatation The common iliac 
vessels are both much dilated to form fusiform 
aneurysms the walls of which are lined by adherent 
lammated blood clot 

At the orifices of the renal artenes, the aorta is 
grossly distorted by scar tissue, so that the renal 
vessels appear to be lymg in small funnel-shaped 
depressions (Fig 4) Both renal vessels are fibrous 
throughout the greater part of their length, and 
their lumina are reduced to a pinpoint or small slit 
lying to the side of the vessel, so that there must 
have been extreme reduction of renal blood flow 
during Ufe The carotids, innominate, coeliac axis 
and Its mam branches, and superior mesentenc 
artery all show great mtimal thickenmg and scarring 
with general dilatation of the lumina 

The lungs show considerable oedema and chronic 
pulmonary congestion There is no evidence ofi 
tuberculosis The liver is slightly enlarged, dark 
red on section and shows acute venous congestion 
The gall bladder and bile ducts are normal The 
pancreas is healthy and the adrenals are normal 

The left kidney is smaller and narrower than the 
right, weight 150 g , length II cm , width 5 5 cm , 
thickness 3 5 cm , cortex 4 mm , medulla 16 mm 
Right kidney, weight 180 g , length 10 5 cm , width 
7 cm , thickness 4 cm , cortex 6 mm , medulla 
16 mm IP both kidneys the capsules stnp readily, 
leaving a perfectly smooth surface There is no 
undue prominence of the intra-renal vessels The 
main renal arteries show occlusive lesions as already 
described 

The renal pelves, ureters, and bladder appear 
normal The uterus and adnexae are normal The 
stomach and intestines show no macroscopic 
lesions Cranial cavity not examined 


Histology 

Aorta— The. adventitia shows a diffuse plasma 
cell and lymphocyte infiltration, with cellular 
cuffing of the vasa vasorum The media shows 



Fio 3 — ^Necropsy specimen showing left ventricular 
hypertrophy, severe syphilitic aortitis, and iliac 
aneurysms 


much fibrosis and interruption of the elastic fibres 
The intima is thickened, and calcified in places A 
similar appearance of syphilitic arteritis is seen in 
the carotid artery on section 
Renal Arteries The right renal artery shows 
great mtimal thickening at its origin without active 
changes in the media of adventitia and there is no 
atheroma at this point, the lumen is stenosed for a 
distance of 1 cm and then widens 


The left renal artery at its origm shows great 
thickenmg of the mtima which reduces the lumen 
to minute proportions The mtimal tissue is loose 
and cellular and infiltrated with lymphocytes and a 
few plasma cells There is no active arteritis of the 
m^ia or adventitia, and no evident atheroma m 
either of the sections 


1 TT giomeruii appear normal, no 

artenolar hyalmization and no post-hypertensive 
changes m the mterlobular vessels Tubules show 
post-mortem changes only Left similar to the 




Fig 4 — Necropsy specimen showing severe aortitis with healed dissection marked by arrow, involvement 
of orifices of renal artenes, and iliac aneurysms containing laminated thrombi 


right, but there are a very few scattered fibrosed 
glomeruli surrounded by small groups of plasma 
cells and lymphocytes, no arteriolar lesions 

Pancreas is autolysed and shows conspicuous 
post-hypertensive arteriolar lesions Lung shows 
chronic venous congestion, with “ heart failure 
cells ” in the alveoli, no vascular lesions Liver 
shows acute venous congestion, no arteriolar 
lesions Adrenals, normal, no arteriolar lesions 


Discussion 

Several cases showing occlusive lesions of the 
renal arteries associated with essential hypertension 
have been reported, and hypertensive arteriolar 
changes occurred in all organs except the kidneys 
m which the artenoles are protected from the blast 
of high blood pressure by occlusion of the mam 
renal arteries The occlusion was usually athero- 
matous, but occasionally due to other causes 
Blatt and Page (1939) recorded obstruction of the 
renal artenes by sarcomatous tissue, in a man aged 
38 with hypertension Leiter (1938) described 


syphilitic occlusion of the renal artery in a woman 
aged 46, and thrombosis of the renal artenes, 
usually secondary to atheroma, has also been 
described (Wolffe and Donnelly, 1942) In our case, 
both renal arteries were almost occluded by intimal 
proliferation from extensive syphilitic artentis, and 
though atheroma was also present, it was probably 
a secondary lesion 

It IS tempting to explain hypertension associated 
with atheroma of the renal artenes in terms of a 
reduced blood supply to the kidneys, but such a con- 
clusion must be accepted with caution Atheroma 
of the renal arteries is by no means uncommon, 
occurring m about 10 per cent of necropsies m 
subjects without hypertension, and it is possible 
that hypertension merely aggravates pre-existing 
atherosclerotic lesions When renal arterial occlu- 
sion IS syphilitic, there is more reason to regard it 
as the cause of the hypertension, and in our case 
this supposition IS supported by the fact that the 
renal arterioles showed no hypertensive changes 
whereas the pancreatic arterioles showed them m 
high degree Hypertension evidently began at 
least 1 1 years before death, for cardiac enlargement 
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and pulmonary congestion were sho\vn in radio- 
graphs taken at that time The aneurysmal dila- 
tation of the common iliac vessels and the two 
aneurysmal lesions of the aorta may have been due 
to hypertension superimposed on artenes already 
weakened by syphilitic mflammation 

Summary 

A case of syphihtic aortitis with aneurysmal 


lesions of the aorta and common ihac vessels, and 
occlusion of the renal artenes by syphihtic arteritis 
IS descnbed Hypertension was known to have 
been present for many years, and it is suggested 
that It was secondary to renal arterial occlusion 


We wish to thank Sir John Parkinson for reading this 
report and for his helpful cnticism 
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Although ball thrombus of the heart has always 
been of considerable mterest, Abramson m 192^ 
was able to collect only 19 reported cases and added 
I of his own The condition was first j-eported m 
1814 by Wilham Wood of Edmburgh m a dehcate 
girl of 15 for three years she had been subject to 
progressive dyspncea on exertion, and began to 
suffer from famtmg spells three or four times a day, 
and eventually died m a state of exhaustion Post- 
mortem, there was a round, firm mass lymg com- 
pletely freenn the left auncle, the mitral valve was 
greatly thickened and the onfice too small to 
admit the tip of the little finger In the succeecjmg 
110 years a further 19 cases were reported, of wluch 
6 occurred m the British Isles In the 15 cases m 
which the sex was given, 11 were females and 4 
males, an mcidence corresponding to the sex 
distnbution of mitral stenosis Most were m the 
fifth decade of life Eight of these 20 cases showed 
either transient or permanent disturbance of the 
penpheral vascular system The site of the throm- 
bus was m the left auncle, except m the case described 
by French (1912) where it was m the nght ventncle 
Smce Abramson’s review, a further 12 cases have 
been recorded, 11 associated with mitral stenosis 
and 1 with a normal mitral valve The thrombi 
have been found m the left auncle, except in the 
case reported by Wright, Elynn, and Druet (1944) 
of a thrombus m the nght auncle Ten of these 
12 patients had interference with the circulation m 
the lower limbs The details of these cases are 
shown m the table 

Dunng the same penod 4 cases were described 
resembling the condition reported here, but not due 
to ball thrombi Kaplan and Holhngs worth (1935) 
recorded a case of pedunculated thrombus of the 
left auncle simulating mitral stenosis, post-mortem 
the thrombus occluded a normal mitral valve, there 
was no interference with the penpheral cuculation 
Schiller (1935) reported two cases of subacute 
bacterial endocarditis m which the exuberant 
vegetations on the mitral valve attamed a size 


sufficient to produce transient circulatory dis- 
turbances in the limbs Perry and Davie (1939) 
descnbed a case of symmetncal penpheral gangrene 
m a man, aged 64, With cardiac failure and a blood 
pressure of 175/85 Post-mortem, no valvular 
disease of the heart could be found, there was a 
moderate degree of atheroma of the aorta, but no 
evidence of thrombosis, embolus, or atheroma of 
the iliac, femoral, or pophteal artenes They quote 
this case m support of Fishberg’s (1938) theory 
that m severe congestive cardiac failure a selective 
vaso-constnction occurs (? reflexly) because of 
extreme diminution in the cardiac output, a small 
amount of blood bemg distnbuted to the limbs and 
a large amount to the bram and other important 
centres In support of his theory, Fishberg quotes 
a case m which, on insertmg a cannula mto the 
antecubital vem, the venous pressure was under 
1 cm , whereas at the same time the jugular pressure 
was over 20 cm As the patient improved the 
pressures became equahzed In his view, pen- 
pheral gangrene m general circulatory failure is an 
unfortunate side effect of a valuable compensating 
mechanism 

The term ball thrombus of the heart is apphed to a 
form of ante-mortem thrombus, and the critena 
for calling a given ante-mortem clot a ball thrombus 
have been vanously stated According to Hewitt 
(1916) “ the term ball or oval thrombus of the heart 
should be restncted to those thrombi found on 
post-mortem examination, loose m the heart cavities, 
which are of a round or oval shape and whose 
surface is everywhere smooth and shows no sign 
of a former attachment ” Abramson and most 
other observers prefer to substitute for the last 
part the catena of Welch (1 899), viz , (a) entire 
absence of attachment with consequent free mobihty , 

(b) imprisonment m consequence of an excess of 
the diameter of the thrombus over that of the first 
narrowmg m the circulatory passage ahead of it, 

(c) such consistency and shajie that the thrombus 
must not of necessity lodge as an embolus m the 
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Table of some Details of Reported Cases of Ball Thrombus 

' W ‘ ' 


Sex, age, and 
au&or 


Clinical course 
and symptoms 


Thrombus 
locaLuation, 
size, and wei^t 


Penpheral 

vascular 

disturbance 


Other dis- 
turbances 
of circulation 
and B P 


Fmal anatomical 
diagnosis 


F, 53, Potter 


F, 55, Covey, Crook, 
and Rogers 

F, 44, Schwartz, and 
Biloon, Case 1 
F, 42, Schwartz and 
Biloon, Case 2 

M, 62, Schwartz and 
Biloon, Case 3 


F, 52, Elson 


F, 43, Aronstem 
and Neuman 


F, 48, Garvin, Case 


F, 86, Garvm, Case 


M, 46, Garvm, Case 


F, 33, Spam 


M, 47, Wright, 
Flynn, and Druet 


2i years dyspnoea. 
Thyrotoxicosis 
AF 

4 years dyspnoea, 
6 months swelling 
of ankles A F 
Palpitation 10 
years A.F 
Cardiac failure 2 
years A.F one 
month 

Cardiac failure 2 
months A F 


Praecordial pain 8 
years A F 3 
years 


Dizzy spells 5 
years Dyspnoea 
and cyanosis of 
face 2 days 
Famts for several 
years After D 
andC developed 
A,F and gan- 
grene of R foot 
and calf No 
pulse m L foot 
Famts 2 years 
A F Blackenmg 
of R foot for 2 
days 

Hemiplegia and 
cardiac failure 
Sudden death 
AF 

Cardiac asthma 
Transcient vascu- 
lar phenomena m 
limbs leadmg to 
gangrene Regu- 
lar rhythm 
Dyspnoea 24 years 
Failure for 6/12 
Hemiplegia 


L A Spherical 
48 g 

L A Sphencal 

16 g 

L A Pyramidal 
L A Sphencal 


LA Cylmdncal 


L A Oval 
4x0 5 cm 


L A Sphencal 
3 5 cm m dia- 
meter 

L A Sphencal 
3 cm in dia- 
meter 


L A Sphencal 
2 2 cm dia- 
meter 

L A Oval 

2 cm m dia- 
meter 

L A. Sphencal 

3 cm m dia- 
meter 


R auncle 
Sphencal 6 8 
cm m diameter 


Gangrene of both 
legs 

Gangrene R. leg 


Gangrene R leg 

Attacks of pallor 
mR leg — gan- 
grene 

Gangrene of both 
legs Attacks of 
cyanosis lead- 
mg to gangrene 
of R hand 
Attacks of pallor 
and coldness 
of both lower 
limbs Weak- 
ness of R. radial 
pulse 
Nil 


Gangrene of both 
legs 


Gangrene of R 
foot 


Nil 


Gangrene of 
limbs 


Pulsation of neck 
veins, occasion- 
ally of saphen- 
ous veins 


Infarcts of spleen 
and kidneys 
160/100 

Infarcts of kid- 
neys 165/90 

7 190/90 

Nil 190/110 


7 140/80 


Old infarcts m 
spleen and kid- 
neys 230/80 


Infarcts in spleen 
BP 7 


Infarcts of spleen 
and kidneys 
BP? 


pophteal 
artenes BP? 

Infarcts m spleen, 
kidneys, lungs, 
and bram 
BP 7 

Infarcts of R 
lung and both 
kidneys 


Infarcts of left 
kidney, spleen, 
and mesentenc 
artery Pontme 
hemorrhage 
100/90 


M S (buttonhole) 
Ball thrombus 

M S (button- 
hole) BaU 
thrombus 
MS Ball 
thrombus 
MS BaU 
thrombus 

Ball thrombus 
No MS 


Buttonhole M S 
Ball thrombus 


Ball thrombus 
MS 


M S Tncuspid 
stenosis Ball 
thrombus 
Embohsm 


MS BaU 
thrombus 


MS Ball 
thrombus 


M S Tncuspid 
regurgitation 
Ball thrombus 
in R auncle 


Abbreviations — 

AF =Auncular fibnllation LA =Left auncle MS = Mitral stenosis 


Thrombosis of R Coronary 
femoral and sclerosis M S 
BaU thrombus 


passage The cases reported by Abramson and 
those desChbed m the table all appear to fulfil the 
cnteria laid down by Welch 
In view of its ranty and the comparative paucity of 


cases recorded in England, the case descnbed below 
was considered worth recording Although pre- 
sentmg most of the characteristics of the syndrome 
it also showed certain unusual features 
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Case History 

A woman, aged 50 years, was admitted to hospital 
on December 29, 1946, her chief complaints bemg 
blueness and coldness of the legs and an mability 
to move them She had chorea at the age of 13, 
and was in bed for about a year, but never had acute 
rheumatic fever Subsequently, she led an extremely 
active life, played outdoor games and, durmg the 
late war, worked hard in a canteen She was 
married, but had no children A fortnight before 
admission, after a long day out, she noticed for the 
first time that she was a little short of breath and 
had slight swelling of her ankles She stayed m 
bed and was digitalized by her doctor Her 
dyspnoea and oedema subsided and on Christmas 
Day she was allowed up for lunch In the after- 
noon she walked upstairs and was suddenly seized 
with a violent pam around her umbilicus She was 
sick once and later passed several tarry motions 
The abdommal pam gradually disappeared Shortly 
after vomiting she had severe pam m both legs, the 
right worse than the left, with the pam the legs 
became numb and cold At first they were white, 
but later they turned blue The blueness and 
numbness persisted but the pam gradually dis- 
appeared 

On admission her lips and cheeks were shghtly 
cyanosed and a little dyspncea was present The 
cervical vems were distended to a height of two 
mches above the clavicle with the patient upnght 
ClmicaUy, there was no enlargement of the heart, 
which was fibnllatmg at a rate of 60 , an apical 
systohc murmur was heard, but no diastohc murmur 
The blood pressure m the right arm was 170/110, 
it could not be recorded m the left Exammation of 
the lungs revealed no abnormality The central 
part of the abdomen was tender on palpation, but 
there was no rigidity Her hands were blue and 
cold, although the pulses were palpable and of 
fairly good volume The right leg was blue and 
cold to just above the knee, where a sharp Ime of 
demarcation was present, but above this level it was 
pmk and warm The toes showed dry gangrene 
The femoral pulse was palpable, popliteal pulsation 
was absent and pressure over the origin of the 
profunda femoris arteiy was painful No volun- 
tary movement was possible and the affected part 
of the leg was anassthetic The left leg was blue 
and cold to just above the ankle and gangrene of the 
toes ws commencing Again the femoral, but 
not the popliteal, pulse was palpable Shght 
voluntary movement of the foot and toes was 
possible and there was no anassthesia Half-an- 
hour after admission the arculahon m the hands 
had returned to normal — they were qmte pmk and 
warm — but there was no change m the legs The 


following day she again developed a transient 
cyanosis and numbness of the hands The upper 
margm of the cyanosis of the right leg had decreased 
to just below the knee The patient was seen at this 
stage by my colleague. Dr Goldstein, who suggested 
that she might be suffenng from a ball thrombus 
of the left auricle The unnary output was very 
difficult to estimate because of mcontinence, a 
catheter specimen showed a heavy trace of protem, 
occasional pus cells and red cells, occasional hyaline 
casts, and amorphous phosphates Unfortunately, 
an electrocardio^aph could not be performed as 
the apparatus was bemg repaired On December 31 
she was becommg very drowsy and passmg prac- 
tically no unne The blood urea was 300 mg 
per 100 ml The foUowmg day her condition 
contmued to deteriorate and she died m the evening 

Post-Mortem Examination 
This was performed on January 2, by Dr A M 
Bodoano There was gangrene of the right foot 
which spread up the leg to just below the knee as a 
reddish-purple discoloration This discoloration 
was also present m the left foot and extended about 
three inches above the ankle 
Thorax There was no free flmd m the pleural 
cavities or pencardium The heart was greatly 
enlarged, and weighed about 500 g As the left 
auncle was opened, a firm ovoid mass fell out , it 
was covered by velvety fibrm which, when washed 
off, left behmd a perfectly smooth ovoid clot 
There was no sign of any point of attachment to the 
auncular wall and it appeared to be qmte free m the 
auncle (Fig 1 and 2) It weighed 23 g after fixa- 
tion m formol salme Section of the clot showed it 
to be of uniform structure and unlammated The 
nght auncle was dilated and its wall thinned The 
right ventncle was hypertrophied, its wall being 1 0 
cm m thickness The wall of the left auncle was 
stretched and thinn ed and was everywhere smooth, 
showmg no sign of any previous attachment of the 
thrombus The wall of the left ventncle showed a 
concentnc hypertrophy, the average thickness of 
muscle bemg 1 8 cm The mitral orifice was 
stenosed, just admittmg the tip of the mdex finger 
and had the “ button-hole ” type of deformity, the 
orifice was 2 5 cm m length and a mere sUt m 
breadth The cusps were greatly thickened and 
partially calcified, the chordee tendim® were 
adherent The tncuspid, pulmonary, and aortic 
valves, and the coronary artenes were normal The 
wall of the thoracic aorta was perfectly smooth 
The lungs were oedematous but showed no sign of 
infarction There were no thrombi m the pul- 
monary vessels 

Abdomen The peritoneal cavity contained a 
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Fig 3 — Dissection of abdominal aorta, renal 
Fig 2 — ^Bal! thrombus m situ arteries and kidneys and spleen, to shov. thrombi 

in situ and infarction of viscera. 


E 
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little blood-stained fluid and there was a patchy 
discoloration of the surface of the intestine The 
stomach was normal There was an acute ulcer 
m the duodenum with attached blood clot, one inch 
from the pylorus The small intestme was filled 
with old blood The superior mesenteric artery 
was thrombosed and had mfarcted the jejunum and 
proximal ileum The hver showed slight chrome 
passive venous congestion The spleen had 
numerous recent infarcts The pancreas was normal 
The right kidney showed a number of large infarcts, 
and a small clot was present at the mouth of the 
renal artery The left kidney was almost com- 
pletely mfarcted by a large ante-mortem clot 
extendmg from the mouth of the renal artery mto 
the kidney substance (Fig 3) 

The descendmg aorta, nght ihac, femoral, and left 
profunda femons artenes contamed ante-mortem 
clot these adequately explamed the gangrene of the 
legs The brachial arteries were tightly contracted 
and on longitudmal section showed a sand-papery 
appearance of the mtrma No thrombi were found 
in the artenes of the upper limb Histological 
exammation of the subclavian arteiy showed mtimal 
fibrosis and atheroma There was no sign of any 
infarction of the bram 

The anatomical diagnosis was therefore chrome 
rheumatic endocarditis leadmg to rmtral stenosis 
and auricular fibrillation, free ball thrombus of the 
left auncle, embohe phenomena m the spleen, and 
thrombosis of the renal, superior mesenteric, left 
profunda femons, and nght common ihac and 
femoral artenes, acute duodenal ulcer, and melsena 

Discussion 

The case desenbed differs from most of those 
previously recorded m several aspects Firstly, m 
the short history, only three weeks, of any symptoms 
referable to the cardiovascular system The majonty 
of cases had several years history of dyspnoea and 


palpitation Secondly, m the occurrence of an 
acute duodenal ulcer and melaena It is interesting 
to speculate how long a ball thrombus could be 
present m the auncle without producuig symptoms 
This clot, although not laminated on section, must 
have been present for a penod considerably longer 
than three weeks In only one of the later cases 
of Abramson’s series is the occurrence of auncular 
fibnllation specifically mentioned In cases sub- 
sequently reported, however, auncular fibnllation 
was present in all but one Unfortunately, the 
date of onset of auncular fibnllation in this patient is 
not known, but it is likely to have been at the onset 
of her dyspnoea and shght oedema The onset of 
auricular fibrillation may therefore act as a pre- 
cipitatmg factor for the development of symptoms 
from a ball thrombus 

The entena for the diagnosis during life of a ball 
thrombus of the heart are sUll the same as those laid 
down by Battistini (1908), who based the diagnosis 
on the foUowmg sequence of symptoms signs of 
mitral stenosis, disturbance of the general cir- 
culation, entire debihty of the pulse, and the presence 
of gangrene of the lower extremities It is note- 
worthy that m the senes analysed here gangrene of 
the extremities was present m 8 of the 13 patients 
with ball thrombi, one of whom had a clot in the 
right auncle 

Summary 

A case is described of ball thrombus of the left 
auncle associated with mitral stenosis, disturbance 
of the penpheral circulation leadmg to gangrene 
of the legs, and acute duodenal ulcer 

The cases occurrmg smee Abramson’s paper m 
1924 are reviewed 

I am grateful to Dr M Mitman, Medical Super- 
mtendent of the River Hospitals, Dartford, for much 
help and cnticism m the preparauon of this article and 
for permission to publish the case 
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MASS THROMBUS OF THE LEFT AURICLE 

BY 

WILLIAM EVANS AND ROBERT BENSON 

From the Cardiac Department of the London Hospital 
Reccised Febniarj 12 !948 

We have used the term mass thombus to describe Case 2 Female, aged 40 Mitral stenosis had 


a clot that forms m the left auricle during life and 
by reason of its large size or its peculiar location 
impedes the flow of blood through the mitral 
onfice In this paper we examine the clinical 
and pathological findings m six cases of mass 
thrombus with the object of discovering a symptom 
or sign that would simphfy the diagnosis 

Case Reports 

Case 1 Female, aged 45 Two months before 
admission and while in bed she was suddenly seized 
wth a gnppmg pain across the front of the chest 
and shoulders, she felt a sense of constriction of the 
chest with shortness of breath which lasted an hour 
Since then she had complained of retrosternal pain 
on exertion such as walking, and it abated on resting 
Besides the pain there was dyspnosa and swelling of 
the ankles on occasion 

On examination there was slight cyanosis, disten- 
sion of cervical veins, crepitations over the lung 
bases, and oedema of the ankles The pulse was 
irregular from auncular fibrillation, and the blood 
pressure was 1 10/80 The apex beat was displaced 
to the left, and a mid-diastohc murmur was heard 
Response to digitalis was satisfactory, but three 
weeks after admission to hospital there was sudden 
severe breathlessness and she died withm a few 
minutes 

At necropsy the right ventricle was slightly 
hypertrophied and the left auricle moderately 
dilated There was severe mitral stenosis, and a 
sphencal and unattached thrombus was found to 
have lodged m the mitral orifice (Fig 1) The 
thrombus measured 3 cm in diameter, and it had 
undergone central hquefaction The other valves 
were normal Atheroma of the coronary arteries 
was slight and msigmficant There was slight 
atheroma of the pulmonary arteries, and pulmonary 
embolism was excluded as a cause of sudden death 
There was old and recent infarction of the spleen and 
the left kidney 


been discovered dunng pregnancy twelve years 
before For ten years she had been short of breath 
on exertion Femoral embolism had occurred 
seven years before, and the following year she began 
to have pam in the chest The first attack happened 
at rest after a day of heavy work, she was suddenly 
seized with severe retrosternal pam which radiated 
into the left arm as far as the elbow and lasted until 
an injection of morphine was given five hours later 
Cardiac infarction was suspected, but the electro- 
cardiogram was normal Since then there had been 
four similar episodes at rest, the pain lastmg up to 
twenty-four hours on each occasion and requinng 
morphine In addition to these unexpected attacks 
she complained of retrosternal pam which some- 
times spread mto both arms and came on during 
exertion, it was relieved mstantly by rest For 
five years there had been palpitation on occasion as 
well as shortness oCbreath, while embolism of the 
right foot had also occurred Durmg the past 
twelve months her general condition had become 
worse, and four months before she died it had been 
necessary to admit her into hospital on account of 
heart failure 

On examination she was short of breath, the neck 
veins were distended, but there was only shght 
cyanosis Enlargement of the hver was accom- 
panied by ascites and much cedema of the ankles 
The pulse was irregular from auricular fibrillation, 
and the blood pressure was 190/105 Systohe and 
mid-diastohc murmurs were heard m the mitral 
area Response to digitalis and a mercunal 
diuretic was unsatisfactory, and her condition 
gradually detenorated with increasing dyspneea 
She died suddenly whilst wnting a letter 

At necropsy there was moderate hypertrophy 
of the right ventncle and none of the left ventricle 
There was severe mitral stenosis, and the other 
valves were healthy The left auncle was 
moderately dilated, and it contamed a shghtly 
adherent thrombus measunhg 7 by 6 by 2 5 cm 
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Fig 1 — Mass thrombus (1) in the left auricle (2) occluding the slenosed 
mitral orifice (3) From Case I 


There were ante-mortem clots in both auricular 
appendages The coronary arteries were normal, 
and there was no cardiac infarction The pul- 
monary arteries showed moderate atheroma An 
old thrombus was found in the abdominal aorta, 
and there were infarcts in both the spleen and the 
kidneys 

Case 3 Female, aged 48 For some years she 
had suffered from attacks of palpitation which 
would start and stop abruptly, and which were 
unaffected by quinidine For the past nine years 
she had complained of retrosternal pain on exertion 
which frequently spread down the left arm and was 
relieved by resting Occasionally, however, the 
pam might start while at rest and might last two 
days One such attack had occurred five years 
before when she was in bed, and she was admitted 
lo hospital where an electrocardiogram showed 


paroxysmal auricular tachycardia with 2 to 1 A-V 
dissociation She showed systolic and diastolic 
murmurs from mitral stenosis Digitalis changed 
the rhythm to auricular fibrillation and she remained 
relatively well for the next four years, though still 
subject to retrosternal pain on exertion During 
the last twelve months of her illness, however, the 
symptoms of heart failure gradually increased, and 
ultimately necessitated her admission to hospital 

On examination there was slight cyanosis, dysp- 
noea, oedema of the back and ankles, and distension 
of the liver There were crepitations over the lung 
bases, and auricular fibrillation was associated with 
signs of mitral stenosis The blood pressure was 
100/70 On the following day she suddenly became 
worse with cold and pulseless extremities, and died 
a few hours later 

At necropsy there was great dilatation of both 
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Fig 2 — Mass thrombus (1) m the left auncle (2) in a patient (Case 3) with mitral stenosis 
The lower end of the thrombus (3) projects through the stenosed mitral valve (4) into 
the left ventnclc (5) Lower figuie shows the valve from below 


auricles from severe mitral and tncuspid stenosis of about the same dimensions was attached to the 
The mitral onfice was almost completely occluded auricular septum over a small area, and a similar 

by a large thrombus (Fig 2) measuring 4 6 by 2 0 by mass lay in the left auricular appendage The 

0 8 cm which was adherent to the auricular aspect coronary arteries showed only slight atheroma, and 
of the valve The lower end of the mass was there was no evidence of cardiac infarction ' The 
sphencal with a smooth surface and central soften- pulmonary arteries were moderately hypertrophied, 
mg, and projected into the left ventricle The upper and showed slight atheroma Areas of infarction 

end was flat and lay partly free in the left auncle were found in the spleen and the kidneys 

A firmly laminated and partly gelatinous thrombus Case 4 Male, aged 31 He had been short of 
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breath on exertion for many years, with swelling of 
the ankles for the past year Duong the last two 
months his symptoms had increased, and shortly 
before his admission to hospital he had suffered 
from nocturnal dyspnoea with haemoptysis on one 
occasion, the dyspnoea was relieved by sitting up 
He had not specially complained of pain in the chest 

On examination theie was moderate dyspnoea with 
slight cyanosis and oedema, and crepitations were 
present over the lung bases The liver was 
moderately distended, but there was no ascites 
The urine contained one-third volume of albumin 
The pulse was regular, but auricular fibnllation 
supervened on the sixth day The pulse was less 
readily felt in the nght arm The blood pressure 
was 155/95 The apex beat was displaced as far as 
the anterior axillary line, and both systolic and 
mid-diastolic murmurs were heard m the mitral 
area He had an irregular pyrexia from the start 
and developed a right-sided empyema He died 
SIX weeks after admission 

At necropsy there was great hypertrophy of the 
right ventricle, and moderate dilatation of the left 
auricle as the result of severe mitral stenosis The 
left auricle contained a large free thrombus with a 
wavy surface, measuring 8 by 5 5 by 3 cm Jn 
addition there were three smaller thrombi, diameters 
0 8 to I cm , which were attached to the left am-icuJar 
wall The coronary arteries showed very sbght 
atheroma Old and recent infarcts were found in 
the lungs, one of which had become purulent, 
resulting m empyema 

Case 5 Male, aged 39 Breathlessness had been 
present for many years Auricular fibrillation with 
transient aphasia had set in six years befo^^ and 
shortly afterwards severe heart failure syrriptoms 
had supervened Response to digitalis had been 
satisfactory and he had remained comparatively 
well until his symptoms again increased a few days 
before his admission to hospital He had not 
complained of chest pam 

On examination he presented the signs of heart 
failure with auncular fibnllation The blood 
pressure was 140/95 A mid-diastohc murmur was 
heard m the mitral area He responded well to 
treatment by rest m bed, digitalis and a mercurial 
diuretic, and after seven weeks he was beginnmg to 
be aUowed out of bed when he suddenly sat up, 
became extremely cyanosed and died m a few 
mmutes 

At necropsy there was moderate hypertrophy of 
both ventncles, and great dilatation of the left 
auncle from severe mitral stenosis The other 
valves were normal A laminated thrombus was 
found occupymg two-thirds of the left auncle, and 
it was firmly attached to the endocardium over a 


large area There was moderate but incidental 
atheroma of the coronaiy artenes 

Case 6 Female, aged 41 She had complamed 
of palpitation and shortness of breath for five years 
and a year later she had heart failure with auncular 
fibnllation She improved and remamed com- 
paratively well on a maintenance dose of digitalis 
until a few months before her last admission, when, 
in spite of treatment, her symptoms had returned 
with greater severity She had not complamed of 
pain in the chest 

On examination there was slight dyspnoea, 
moderate oedema of the ankles, coldness and 
marked cyanosis of the hands and fingers, and a 
blotchy discolouration of the feet The pulse was 
irregular from auncular fibrillation, and was less 
easily felt on the nght side The blood pressure 
was 170/120 in the nght arm, and 270/120 m the left 
arm The apex beat was displaced to the left, and 
loud systohc and mid-diastohc murmurs were 
heard in the mitral area A few crepitations were 
heard at both lung bases The hver was moderately 
enlarged There was bilateral papillcedema with 
retinal haemorrhages, and the unne, which had a 
low specific gravity, contained a large amount of 
albumin Digitalis and a mercunal diuretic were 
given but there was no improvement Durmg the 
fourth week cerebral embohsm occurred, followed 
by heematuna, ohguna, increasmg drowsmess and 
Cheyne-Stokes respiration, the blood urea rose to 
210 mg per 100 ml and she died six weeks after 
admission 

At necropsy there was slight and moderate hyper- 
trophy of the nght and left ventricle respectively 
Both auricles were moderately dilated, and there was 
severe mitral stenosis The other valves were 
healthy On openmg the left auncle a spherical 
thrombus fell out, the clot was quite unattached 
and measured 4 cm in diameter, and it had under- 
gone cystic degeneration The left auncular append- 
age contamed a few small fragments of ante-mortem 
thrombus There was shght mcidental atheroma of 
the coronary artenes The nght subclavian artery 
contamed an old embolus, and infarction was 
present m the bram, the spleen and the kidneys 
Histological examination of the kidneys showed 
acute focal interstitial nephntis 

DkFINinON 

The term “ ball thrombus ” was used by Wood 
(1814) who descnbed for it the following cntena 
absence of attachment to the auncular wall, a 
diameter exceedmg that of the passage immediately 
ahead of it, and a consistency that does not allow 
it to lodge m that passage Abramson (1924) m a 
review accepted the ongmal definition, but 
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mentioned the case of Bozzolo (1896) in which a 
large pedunculated thrombus was found at necropsy 
Hewitt (1916) stipulated that the thrombus should 
have a smooth surface which shows no evidence of 
previous attachment to the heart wall, while Potter 
(1926) pointed out that the smoothness of the 
surface depends on the time the thrombus has 
been free, and accepted Wood’s original definition 
Elson (1934), Aronstem and Neumann (1939), and 
Garian (1941) considered that a distinction between 
free and pedunculated thrombi was academic since 
each produced identical symptoms To avoid 
ambiguity over the terminology of ball thrombus we 
have used the term mass titrombas to include any 
large thrombus, free or attached, that occupies the 
greater part of the left auricle, as well as any smaller 
thrombus that by reason of its proximity to the 
mitral valve may cause obstruction to the flow of 
blood through the mitral orifice When thrombosis 
is limited to the left auricular appendage it is 
without clinical significance except as a source of 
embolism 

Incidence 

Smee Wood’s original case in 1814 the reported 
cases have been well reviewed by Welch (1899), 
Hewitt (1916), Abramson (1924), Aronstem and 
Neumann (1939), Wnght et al (1944) Forty-six 
cases have hitherto been recorded Clcland (1936) 
found only one ball thrombus among 3000 
necropsies, and Garvin (1941) three among 6285 
which mcluded 156 cases with rheumatic heart 
disease Ball thrombus in chambers other than the 
left auncle is very rare (Gairdner, 1893, French, 
1912, Wright et al , 1944) Our paper includes 
an analysis of 3083 consecutive necropsies among 
which there were 46 cases of mitral stenosis, 
in 6 of the latter a mass thrombus was dis- 
covered in the left auricle, and 3 of them conformed 
to the more ngid, and in our view too limited, 
defimtion of ball thrombus 

^Etiology 

Ziemssen (1890) was the first to state that mitral 
stenosis was essential to the formation of a ball 
thrombus, in the majonty of cases there is great 
narrowmg of the valve Yet a few cases have been 
^rded in which mitral stenosis was absent 
(Voelcker, 1893, Fischer, 1901, Pawinski, 1909, 
i^sler, 1928, Schwarz and Biloon, 1931 , Kaplan 

1935) It is generally held that 
^Wished auncular fibnllation contributes to the 
ormation of a mass thrombus and that the condition 
rarely develops with normal rhythm (Osier, 1890, 
Win, 1943) In one of our cases fibnllation had 
n paroxysmal until not more than four months 
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before death, whilst in another fibrillation developed 
only at the last The size of the left auricle has no 
direct bearing on the formation of a mass thrombus, 
and there was only moderate dilatation in four of 
our cases In two there was great dilatation, but in 
none was it aneurysmal It is of interest that in the 
two cases of aneurysmal dilatation of the left 
auricle found in this series there was only moderate 
stenosis of the mitral valve 

Symptomatology 

It IS probable that some of the symptoms and 
signs that have been ascribed to ball thrombus were 
the direct outcome of severe mitral stenosis, they 
include dyspnoea and embolism In order to 
evaluate the effects of the mass itself in the left 
auricle the symptoms ascribed to ball thrombus 
were compared with those ansing from tumour of 
the left auricle (Table I) Twenty-seven reported 
cases were studied, and they included 21 with 
myxoma, 5 with sarcoma, and 1 with fibroma 

TABLE I 

Symptoms, other than Pain, in Patients Reported to 
HAVE Tumour or Mass Thrombus of the Left 
Auricle Figures Denote the Number of Cases 


Symptoms 

Tumour 

(27) 

1 Thrombus 

1 

Ball (46) 

Present 
series (6) 

Dyspnoea 

Com- 

mon 

Invanable 

Invanable 

Cardiac asthma 
Rapid course of 

Rare 

1 

Rare 

1 

heart failure 

5 

Absent 

1 

Syncope 

Peripheral vascular ' 

7 

6 

1 

signs 

Auricular 

Absent 

10 

2 

fibnllation 

4 

38 ' 

5 

Murmurs 

Systolic 
or pre- 
systohe 

From ! 
mitral 
stenosis 

From 

mitral 

stenosis 

Postural effects 

5 

Absent 

Absent 

Sudden death 

5 

5 

1 

2 


Dyspnwa was a more prominent symptom in the 
cases of ball thrombus as might be expected from 
the associated mitral stenosis It usually showed no 
special features, although cardiac asthma has been 
described (Schwarz and Biloon, 1931, Aronstem 
and Neumann, 1939) Such dyspnoea in uncompli- 
cated mitral stenosis is thought to be due to rapid 
increase in the heart rate (McGinn and White, 
1934), Emstene (1936) and Bramwell and Jones 
(1944) consider that occlusion of the mitral orifice 
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IS also a factor Although dyspnoea was rather less 
common as the first symptom of tumour of the left 
auricle, it occasionally presented unusual features 
in that It was sometimes severe m the absence of 
oedema (Horneffer and Gautier, 1913), or noticeably 
relieved by sitting up (Gilchrist and Millar, 1936) 
In Ernstene's (1936) case of mass thrombus due to 
bacterial endocarditis the patient lost consciousness 
whenever he sat up during an attack of paroxysmal 
dyspnoea In our series the first attack of chest pain 
was associated with severe dyspnoea in Case 1 and in 
Case 4 paroxysmal dyspnoea, which was relieved by 
assuming the upright posture, was a prominent 
symptom 

Heait faihoe is common to cases of both tumour 
and thrombus, although in the former it is more 
rapid in its progress from the time of onset of 
symptoms (Houck and Bennet, 1929, Ludwig, 
1933, Jensen, 1934, Shelburne, 1935^, I935A, 
Gilchrist and Millar, 1936) In our series the 
symptoms of failure made their appearance from 
two months (Cases 1 and 4) to eleven years (Case 2) 
before death, and the average duration was four 
years The degree of failure shortly before death 
was slight in Cases I, 3, and 5, moderate in Case 6, 
and severe in Cases 2 and 4 Failure was rapidly 
progressive whilst in normal rhythm in Case 4, 
though fibrillation supervened at the last 

Giddiness and syncope, admittedly common 
symptoms in cardioibgical practice, appear to be 
more frequent m both tumour and mass thrombus 
of the left auricle Such symptoms were present 
in SIX reported cases of ball thrombus (Wood, 1814, 
Osier, 1897, Mathewson and Rotherford, 1920, 
Schwarz and Biloon, 1931, Elson, 1934, Garvin, 
1941), and in our Cases I and 2 Ernstene and 
Lawrence (1936) described a patient who preferred to 
he flat during attacks of paroxysmal dyspnoea 
because sitting up promptly resulted in loss of 
consciousness Giddiness and syncope are al^o 
common symptoms in tumour of the left auricle and 
they were present in seven reported cases (Berthenson 
1893, Horneffer and Gautier, 1913, Houck and 
Bennet, 1929, Ludwig, 1933, Gilchrist and Millar 
1936, Shelburne, 1935o, Fawcett and Ward, 1939) 
In Houck and Bennet s case, recurrent fainting in 
the erect posture was the first and most prominent 
symptom, and it was followed a few weeks later by 
sudden death In Shelburne s case fainting was 
followed in a few days by severe heart failure 
Paroxysmal fibrillation lasting three minutes was 
noticed during a fainting attack in Fawcett’s case 
In our series loss of consciousness was found only 
once (Case 3), and even in this case it was 
probably the outcome of paroxysmal tachycardia 

Auricular fibrillation is naturally a common 


accompaniment of mass thrombus since both condi- 
tions are found in long-standing mitral stenosis 
Normal rhythm has sometimes been noted (Osier, 
1890, Spam, 1943), and it was observed in two of 
our patients, in Case 2 paroxysmal fibrillation was 
present for some years, while in Case 4 fibrillation 
set in very late That arrhythmia can result from a 
mass m the left auricle, quite apart from valvular 
disease, is shown by the incidence of paroxysmal or 
established fibrillation m cases of mass thrombus in 
the absence of mitral disease (Dressier, 1928, 
Kaplan and Hollingsworth, 1935, Pawmski, 1909) 
and m tumour of the left auricle (Jensen, 1934, 
Fawcett and Ward 1939) In other cases of tumour, 
bouts of extrasystoles or paroxysmal tachycardia 
have been noted (Eimer, 1928, Gilchrist and Millar, 
1936, Thompson, 1944), and failure was present in 
at least two cases at the time In only one case did 
electrocardiographic evidence assist m the diagnosis 
(Shelburne, 1935n) when partial heart block devel- 
oped due to sarcomatous involvement of the 
conduction system 

Peripheia! vascular phenomena Fishberg (1940) 
stated that occlusion of the mitral onfice by a free 
or pedunculated thrombus can only be assumed with 
any probability m the rare instances m which 
intense cyanosis develops with symmetrical ischsmia 
of all the extremities, the tip of the nose, and the ears 
He added that even this clinical picture may be 
caused by a very tight mitral stenosis The 
mechanism of this symmetrical ischsemia, which may 
proceed to gangrene, is thought to be severe peri- 
pheral vasoconstriction following a serious fall in 
the cardiac output Such a clinical picture devel- 
oped m varying degrees m 10 of the 46 reported 
cases of ball thrombus (Fischer, 1901, Covey et 
a! , 1928, Schwarz and Biloon, 1931, Elson, 
1934, Schiller, 1935 Ernstene and Lawrence, 
1936, Spam, 1934, Aubertm and Rime, 1926) 
Gangrene of the tip of the nose was described by 
Lutembacher (1917) but it is probable that this was 
embolic since bacterial endocarditis was also 
present Purpura was also a feature in two cases 

In our series non-embolic peripheral vascular 
manifestations were present m two cases In Case 3 
the extremities suddenly turned cold and pulseless, 
and at necropsy the mitral orifice was found 
occluded In Case 6 extreme cyanosis of the fingers 
was observed, disproportionate to the degree of 
heart failure and at necropsy a loose ball 
thrombus was found m the left auricle No case of 
transient peripheral cyanosis or gangrene was seen 
Among the 27 cases of tumour of the left auricle 
only two presented undue cyanosis of the hands and 
face, and severe heart failure was present m both 
It appears likely, therefore, that a stenosed mitral 
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valve IS at least as important as a co-existent mass 
thrombus m the production of these phenomena 
Embolism is naturally common because of the 
mitral stenosis in cases of mass thrombus, but it is 
less frequent in those with tumour of the left auricle 
Miirmiiis Evaluation of reported auscultatory 
signs IS notoriously difficult, especially so with early 
writers It would appear, however, that a ball 
thrombus has little influence on the murmurs 
produced by the stenosed mitral valve Changing 
murmurs, although stressed in the past (Battistim, 
1909, Pawinski, 1909) are rarely observed Tlie 
case of Covey et al fl928) was remarkable in 
that a presystolic murmur developed whilst the 
patient was in hospital, and finally became so loud 
as to be heard a few feet away Schwartz and 
Bdoon (1931) and Schiller (1935) noted the dis- 
appearance of sounds and murmurs with the 
advent of severe symmetrical cyanosis due to 
occlusion of a stenosed mitral valve by a mass 
thrombus, while Garvin (1941) remarked on the 
absence of murmurs in two cases of severe mitral 
stenosis with ball thrombus formation That a 
mass in the left auricle can cause murmurs which are 
indistinguishable by ordinary methods from those 
of mitral stenosis was the opinion of Ludwig 
(1933) who collected 20 reported cases and added 
another It has also been stated that a tumour of 
the left auricle may cause severe symptoms without 
the production of murmurs (Shelburne, 1935, 
Bennett et al , 1938, Fawcett and Ward, 1939, 
Hamilton-Paterson and Castleden, 1942) Of the 
murmurs found in cases of tumour of the left 
auricle a systolic murmur was the usual one, 
although a presystohe murmur was sometimes 
present 

Radiology Mass thrombus in the left auncle 
cannot be detected by cardioscopy except in those 
very rare cases where a mural thrombus has become 
calcified (Berk, 1939) It does not affect the size 
or shape of the heart Tumours of the left auricle 
may alter the outline of the heart to resemble closely 
that of mitral stenosis (Dressier, 1928, Ludwig, 
1933, Gilchrist and Millar, 1936, Bennett et 
al 1939), adding to the already erroneous 
diagnosis based on the murmurs which may be 
present Tumour of the right auncle may some- 
times be suspected by a cardioscopic appearance 
similar to that seen in pnmary pulmonary hyper- 
tension (Hamilton-Paterson and Castleden, 1942), 
but a cardiogram should prevent this error 

Sudden death Garvin (1941) desenbed a man in 
whom heart failure had responded well to treatment 
in hospital, but who died suddenly when leaving the 
ward, at necropsy a small pedunculated thrombus 
was found to be wedged in the mitral onfice 
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Sudden death may also result from a mass which 
occupies the larger part of the left auricle, and this 
has been reported in several instances where 
necropsy showed a tumour almost filling the 
auricle (Hoffmann, 1921 , Houck and Bennet, 1929, 
Jensen, 1934, Gilchrist and Millar, 1936, TTiomp- 
son, 1944) In our series death occurred unex- 
pectedly and within a few minutes in Cases 1 and 5, 
in the former there was occlusion of the mitral 
orifice by the thrombus, and in the latter the 
thrombus filled two-thirds of the left auricle In 
Case 3 death occurred within a few hours of the 
onset of peripheral ischtemia, and at necropsy the 
mitral office was almost completely occluded by a 
thrombus As in the case of Thompson (1944) 
the terminal event was pulmonary oedema, pre- 
sumably due to sudden heart failure, although in 
our case pulmonary oedema was remarkably slight 
Caidiac pain An accurate account of pain was 
unusual in the literature that was reviewed, and 
vague terms such as oppression, prtecordial pam, 
thoracic pain, etc , were used in the reported cases 
of ball thrombus (Arnold, 1890, Bozzolo, 1896, 
Hay, 1900, Ott, 1901, Elson, 1934) and in tumour 
of the left auricle (Bamberger, 1872, Berthenson, 
1893, Thompson, 1904, Fawcett and Ward, 
1939) Retrosternal pain was described in two 

cases of myxoma by Gilchrist and Millar (1936) 
and Bennett et al (1938), and in one of the three 
cases of occluding thrombus reported by Schwartz 
and Biloon (1931) The pain of cardiac ischtemia 
was a noticeable symptom in three of our six cases 
of mass thrombus in the left auncle Having 
regard to the non-specificity of other signs in this 
condition we mean to emphasize the importance of 
this symptom As we are at present observmg 
20 patients with mitral stenosis and cardiac pain, 
some of them for as long as ten years, it is unlikely 
that the pain is invariably caused by a mass throm- 
bus None the less, in only one of the four cases in 
our senes of 46 consecutive deaths from mitral 
stenosis in which pain had been a feature during 
life was a mass thrombus absent from the left 
auncle at necropsy Again, in six cases in which a 
mass thrombus was found, three had complained of 
cardiac pain, while only one of the remaining 40 
cases of mitral stenosis without a mass thrombus of 
the left auncle had suffered from cardiac pain 
(Table II) We bring evidence to show, therefore, 
that althougli sometimes present in uncomplicated 
mitral stenosis, cardiac pain is a more likely event 
when mass thrombus in the left auncle has been 
added The pain in our cases was mdistinguishable 
from that of cardiac ischaemia due to coronary 
disease or cardiac mfarction Thus, its site was 
retrosternal, and its spread was into the shoulders 
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TABLE II 

The Relation of Cardiac Pain to Mass Thrombus 
OF THE Left Auricle from an Analysis of 46 
Consecutive Cases of Mitral Stenosis Examined 
AT Necropsy 


Cases 

Pam of 
cardiac 
ischiemia 

Grade of 
mitral 
stenosis 

Coronary 

atheroma 

Mass 
throm- 
bus m 
left 

auncle 

1 

Present 

Severe 

Incidental 

Present 

2 

Present 

Severe 

None 

Present 

3 

Present 

Severe 

Incidental 

Present 

4 

Present 

Severe 

None 

Absent 

5 

Absent 

Severe 

Incidental 

Present 

6 

Absent 

Severe 

Incidental 

Present 

7 

Absent 

Severe 

Incidental 

Present 

8 


Sbght 5 

None 0 


to 

Absent 

Moderate 1 7 

Incidental 35 

Absent 

46 


Severe 17 

Severe 4 



and sometimes down one or both arms It was 
brought on by exertion, especially walking, and it 
ceased as soon as the exercise which caused it was 
discontinued . In Cases 1, 2, and 3 the pain also 
occurred at rest In Case 1 the first attack set in 
durmg rest and lasted an hour, it was accompanied 
by breathlessness In Case 2 the initial attack came 
on at rest and was only reheved five hours later after 
an injection of morphine, on five other occasions 
the painful attacks in this patient lasted for many 
hours Although the pam m Case 3 had usually 
been caused by exertion, her most severe attack 
startled her durmg rest and she cned out as she lost 
consciousness, auncular tachycardia was present 
in this attack, subsequently when in slow auncular 
fibnllation, she expenenced cardiac pam In 
these three cases where the pam occurred at rest it 
was always more readily brought on by exertion 
Levme (1922) found only one case of mitral stenosis 
among 103 cases of angma, and White (1936) found 
two among 500 More recently Levine and Kauver 
(1942) found cardiac pam m 5 per cent of 314 
patients with mitral stenosis In our senes of 46 
patients with mitral stenosis at necropsy cardiac pam 
had been present m four, m a fifth patient the 
attacks of retrosternal pam were brought on solely 
by paroxysmal tachycardia, and were not related to 
effort 

Angma from all causes is reported as three times 
commoner m men than m women, but naturally 
the higher inadence of mitral stenosis m women 
mcreases the incidence m them of cardiac pam when 
jt IS the outcome of mitral stenosis, and all our 
cases were women 


Concemmg the age incidence of cardiac pain in 
mitral stenosis NVhite and Mudd (1927) found that 
only about 2 per cent of cases of angma from all 
causes developed the pam before 40, while Levine 
and Kauver (1942) found 8 per cent in their senes of 
mitral stenosis Three of our four cases began to 
have pam before 40 The average age at death m 
our senes was 38 years, an age much younger than 
that given by Eppmger and Levine (1934) for all 
women with angma, or by Levme and Kauver (1942) 
m angma and mitral stenosis, where it was about 
60 years 

Different mechanisms have been mvoked to 
explam the occurrence of cardiac pam in these cases 
(Sternberg, 1923, Teba, 1925, Hochrein 1930, 
Blackford, 1940) The importance of marked 
pulmonaiy changes with severe cyanosis was 
reported by Burgess and Elhs (1942) and by Parker 
and Weiss (1936), but they were not present m any 
of our cases 

Naturally, coronary atheroma might coincide 
with mitral stenosis, but m our cases it was a casual 
findmg when present, and it was never prominent 
enough to be significant as a cause of cardiac 
ischaemia 

That cardiac pain is rare m auncular fibrillation 
has been over-emphasized, for although Levine 
(1922) found them to be associated m but two of 
103 cases of angina, we have often observed them 
together even m non-valvular heart disease, while 
m three of the present cases cardiac pam and 
auncular fibnllation were found side by side 
Although some degree of heart failure was a com- 
mon findmg, we did not thmk that it contnbuted 
m any way to the development of pam 

We bebeve that cardiac pam m mitral stenosis is 
the result of an impoverished coronary cuculation 
resultmg from the stenotic valvular effect, when 
mass thrombus m the left auricle is added the 
susceptibibty to cardiac ischsemia is mcreased 
The fact that the mcidence of cardiac pam is higher 
m those cases of mitral stenosis comphcated by 
mass thrombus m the left auncle gives support to 
the behef that the pam is caused by cardiac 
ischaemia 

Summary and Conclusions 

The clmical findmgs in reported cases with ball 
thrombus or myxoma of the left auncle have 
been exmnmed with the object of decidmg which 
symptoms or signs permit a diagnosis of ball 
thrombus durmg hfe Among those attnbuted 
to the condition were dyspnoea, heart failure, 
giddmess, syncope, auncular fibrillation, certam 
heart murmurs, embohsm and extreme cyanosis-. 
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iscbasmia or gangrene of the extremities None of 
them \vas a consistent finding 
We consider that the defimtion customary for ball 
thrombus is too exactmg and \ve suggest that the 
terra mass thrombus should take its place and should 
mclude any large thrombus, free or attached, that 
occupies the greater part of the left auncle, as well 
as any smaller thrombus that by reason of its 
nearness to the nutral valve may cause obstruction 
to the flow of blood through the mitral onfice 
Among 46 consecutive cases of pure mitral 
stenosis examined at necropsy we found six m which 
a mass thrombus was present m the left auncle 
Cardiac pain was a noticeable symptom durmg life 


m three instances, and it occurred once only among 
the 40 cases without a mass thrombus 

We conclude that although cardiac pam from 
cardiac ischaemia may occur m uncomplicated mitral 
stenosis, the symptom is more likely to anse when a 
mass thrombus has formed m the left auncle 

We wish to thank Professor Dorothy Russell, Director 
of the :^mhard Baron Institute of Pathology, and Dr 
W W Woods, for the records of the findings at necropsy 
m the cases we descnbe, and Dr A E Clark-Kennedy 
and Dr Horace Evans for permission to pubhsh two cases 
under their care We are grateful to Sir John Parkmson, 
Physician to the Cardiac Department, for his helpful 
cnticism of this paper 
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The levels of the blood pressure as ordmarily 
measured are vwdely variable but levels observed un- 
derstandard conditions have been suggested to be less 
variable Consequently, standardized procedures 
have been devised to give stable blood pressure 
levels and the results, termed basal blood pressures, 
have been found to be much lower than the casual 
pressures ordinarily obtained No evidence has so 
far been presented to show that such basal pressures 
are physiologically constant m each mdividual 

The term basal blood pressure originated when 
Addis (1922) used the expression to describe the 
level he had recorded m patients before they rose 
from bed m the morning He contrasted these 
low levels with those recorded later m the day 
Addis observed a much smaller difference between 
daytime and basal pressures m cases of glomerulo- 
nephritis than m cases of essential hypertension 
Ayman (1931) suggested means whereby more 
stable levels of blood pressure could be obtained 
especially as a preparatory step to evaluate the 
effects of treatment on essential hypertension, but 
did not refer to these levels as basal The term 
basal blood pressure was used in the Joint Report 
of the Committees of the Cardiac Society of Great 
Britain and Ireland and the American Heart 
Association on the standardization of methods of 
measuring the arterial blood pressure (1938) This 
committee stated “ In detailed researches on blood 
pressure the use of a basal pressure might be 
considered after preparation similar to that used 
for basal metabolism It should be determined 
10 to 12 hours after the last meal of the previous 
night and after resting for half an hour m a warmed 
room ” 

Alam and Smirk (1938) mdicated that they were 
using a basal blood pressure as a base-hne m studies 
of blood pressure raising reflexes and later (1943) 


obtamed results approximatmg to the basal blood 
pressure with a procedure which they termed 
emotional desensitization to the presence of the 
observer and to the process of sphygmomanometry, 
with special attention to rest in a warm quiet room, 
but taking no special precautions as to the tune of 
day or the time after the last meal Alam and 
Smirk, from observations of blood pressure obtained 
by this method, suggested that readmgs obtamed 
under ordinary climcal conditions should be called 
casual blood pressures, and those obtamed under 
basal conditions, basal blood pressures, and that 
the difference between casual and basal blood 
pressure levels should be called the supplemental 
blood pressure This represents the degree of 
elevation of the blood pressure above the basal 
level due to physical, metabohe, mental, and emo- 
tional stimuh at the time the casual blood pressure 
is taken The less the physical metabohe and 
emotional pressor stimuli at the time the casual 
pressure is observed the nearer will this pressure 
approach the basal level for that mdividual and the 
lower will be the supplemental pressure 
Later Snurk (1945) showed that the technique 
Alam and he had desenbed for basal blood pressure 
determmation, when apphed without regard to the 
time of the previous meal, produced lower results 
than were ordmarily obtamed by the method 
advocated by the ckidiac Societies He showed 
further that when both methods were combmed 
the resultmg basal blood pressure level was shghtly 
lower than with either method when used alone 
This investigation was primarily designed to 
determme if in health and m essential hypertension 
the basal pressure is m fact a constant measurement 
for the individual In the course of the work 
observations were made to mvestigate a more rapid 
and convenient method of basal blood pressure 
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determination using a hypnotic drug Different 
degrees of variabihty of blood pressure were 
observed among the hypertensive subjects studied 
and an analysis of the supplemental pressure of 
these and of normal subjects was undertaken to 
determine if there was also a relationship between 
the presence of congestive heart failure and 
variability of the blood pressure level 


Method 

Except m the group of subjects m which an 
hypnotic drug was given the method of basal blood 
pressure determmation which was used throughout 
this study was that outlined by Smirk (1945), 
namely a combmation of the routme described by 
the combmed comimttee on blood pressure measure- 
ment and that of Alam and Smirk (1943) The 
procedure was designed to measure the blood 
pressure when the subject was m the basal meta- 
bohc state and was free from states of emotion or 
mental alertness 

Many subjects will not attam a basal state if they 
gam the impression that the blood pressure measure- 
ments are merely the prelude to some unfamihar 
and possibly unpleasant procedure For this reason 
the subjects were informed on the day before the 
determmation that no procedure would take place 
except blood pressure measurements with which 
they were already famihar The object of the 
experiment and the procedure to be used were 
outlmed and instruction was given to keep the 
mind blank and the body relaxed and still, as though 
trymg to go to sleep Talkmg was not allowed 
In the mommg the subject used a urmal or bed pan, 
if necessary, soon after wakmg The subject did 
not get out of bed nor have any food but was 
moved to a quiet warm single room where he or 
She remained alone, without readmg and, if possible, 
asleep for about half an hour The observer then 
entered quietly, adjusted the sphygmomanometer 
and proceeded to record the level of the blood 
pressure about twice each mmute, for the next 
twenty to thirty mmutes No other person entered 
the room dunng the determination The observer 
did not move about the room or engage m any 
pursuits that would divert the subject’s attention 
The lowest systolic pressure which was recorded 
three times and the accompanymg diastohc pressure 
were taken as the basal blood pressure 

All the blood pressure measurements were made 
on the left arm which was supported at heart level 
The same mercury manometer was employed 
throughout the study usmg the method of judgmg 
systolic and diastohc level detailed by the Bntish 
and American Cardiac Societies All the observa- 


tions were made by the author and the sphygmo- 
manometer used was checked against a standard 
mstrument several times m the course of the study 
In each of the subjects casual blood pressure 
readmgs were taken on the day before or later on 
during the day on which basal blood pressure 
determinations were made These casual blood 
pressure measurements were designed to conform 
with those ordinarily made m wards or clinic 
The measurements were all made with the patient 
reclining and on the left aVm which was supported 
at heart level, but no special precautions were 
taken to ehmmate the effects of exercise, meals, or 
emotional factors 


Subjects 

The subjects upon whom measurements were 
made were mamly convalescent patients awaitmg 
discharge These subjects had blood pressures 
rangmg from normal to hypertensive levels The 
reason for admission to hospital vaned, most of the 
subjects havmg complaints quite distinct from 
essential hypertension such as herma, peptic ulcer, 
chrome diarrhoea, etc , but there were several whose 
mam complaint was associated with essential 
hypertension, such as headaches, dizzmess, encepha- 
lopathy, or hemiplegia 

To assess the degree of constancy of casual and 
basal blood pressure levels, casual blood pressure 
readings were made and the procedure of deter- 
mmmg the basal blood pressure was carried out 
from four to seven times m each of 33 subjects 
These subjects were grouped accordmg to the 
level pf the casual blood pressure 

Group I Eleven subjects m whom the mean 
casual systohe blood pressure was 132 mm of 
mercury or less and m whom no smgle systohe 
readmg exceeded 140 The casual diastohc readmgs 
were never above 90 

Group n Eight subjects in whom the casual 
blood pressures were hi^er than those of Group I 
but whose mean casual systohe pressure did not 
exceed 1 60 the mean casual diastohc readmgs were 
all below 90 

Group m Fourteen subjects with essential 
hypertension without albummuna but mcludmg 
some with early congestive heart failure, whose 
mean casual systohe pressures all exceeded 160 and 
whose mean diastohc pressures were all above 90 

The effect of premedication with pientobarbitone 
soluble m decreasmg the time required for basal 
blood pressure determmaUon was studied m nme 
subjects equally distnbuted among the above three 
groups 

In 44 subjects casual blood pressure levels were 
measured and basal blood pressure determmations 
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were earned out on one occasion and the supple- 
mental (casual nunus basal) pressure determmed by 
calculation These subjects werd grouped as before 
mto a group of 14 subjects with normal levels of 
casual blood pressure and a group of 8 subjects 
with intermediate casual blood pressure levels but 
the third group of hypertensive subjects was divided 
into two sections Group m A 13 hypertensive 
subjects whose blood pressures conformed to the 
levels outlined previously for Group IH m general 
but without history or signs of congestive heart 
failure Group IH B 12 hypertensive subjects as 
above except that they showed signs of congestive 
heart failure 


REStILTS AND DISCUSSION 

To detemime the vanabihty from day to day of 
both casual and basal pressures the results m the 
first series of 33 subjects were graphed separately 
(Systohe pressures Fig 1 to 6) The graphs were 
drawn on a common chart for each group so that 
the zero hne represents the mean systohe blood 
pressure of each subject and each contmuous hne 
shows the fluctuation of that subject’s blood pressure 
above and below the zero hne from day to day 
The charts were all drawn to the same scale 

Fig 1 shows the vanation among the casual 
systohe blood pressures measured from day to day 
m each of 11 normal subjects (Group I) while 
Fig 2 shows the vanation of the basal systohe 
pressures in the same subjects 

The close approximation of the hnes m Fig 2 
suggests that over the penod of two weeks to one 
month during which observations were made the 
basal systohe pressure of these subjects was almost 
constant The greater degree of vanabihty m the 
casual blood pressure is shown by the wider spread 
of the hnes m Fig 1 than m Fig 2 

The charts of Group II — ^Fig 3 and 4 — show an 
even more marked difference between the variation 
of casual and basal systohe pressures This group 
of subjects was selected to conform to the pre- 
hypertensive subjects of Hmes (1940) and the 
hyper-reactors of Ayman (1934) In this group 
the casual systohe pressures (Fig 3) rue more 
vanable than those of the normal subjects of Group I 
(Fig 1) The basal pressures of this group seem to 
be shght/y less constant than m the normal subjects 
There is a general tendency for the first basal 
pressure m each subject to be high This initial 
high reading may mdicate that the first attempt 
was unsuccessful owing to the presence of con- 
cealed emotional tension or of apprehension 
When these doubtful imtial readmgs are ehrmnated 
from the charts the basal pressures upon which 


rehance may be placed are seen to be almost 
constant 

Fig 5 and 6 show the vanabihty of casual and 
basal systohe pressures m the hypertensive subjects 
of Group m The gross vanation of the casual 
pressures from day to day (Fig 5) is stnkmg, while 
the basal pressures (Fig 6) are less vanable and, if 
the first observation is excluded for the reasons 
given above, the remamder show appreciably less 
variation than do the casual pressures 

The degree of constancy shown by the basal 
systohe figures m general and m Group I m par- 
ticular (Fig 2), mcreases m significance when the 
following points are considered It had been 
shown that with repetition of the readmgs, blood 
pressure levels tend to drop due to the removal of 
some of the emotional stimulation or mental 
alertness associated with sphygmomanometry Such 
repeated readmgs, would, therefore, tend to become 
more constant This factor plays a large part m 
produemg the relatively small vanation of casual 
pressure seen m Fig 1, as the subjects were havmg 
readmgs taken over many days, and towards the 
end of the senes they were so accustomed tp the 
procedure that the casual pressure would fall and 
the readmgs observed would show some degree of 
false constancy not actually to be eiqjected m a 
senes of truly casual readmgs The basal blood 
pressures observed, on the other hand, were readmgs 
taken after placmg the subject as far as possible m 
basal conditions The ejipenmental errors which 
could occur would aU tend to give readmgs rather 
higher than the true basal level, and such errors 
might be many Small, apparently innocuous 
variations of techmque might occur On one 
occasion it was found that two subjects were show- 
mg rather higher basal pressures than had previously 
been recorded On mvestigation it was found the 
subjects had walked from the ward to the room 
where the basal pressures were measured instead 
of bemg moved m bed These readmgs were, of 
course, discarded as bemg non-basal One patient, 
who was suffermg from peptic ulceration, showed 
a high level of basal pressure after a mght disturbed 
by shght but annoymg abdominal pain 
The most remarkable divergences from the usual 
basal level were shown when concealed emotional 
factors were present One hypertensive subject had 
received by letter disturbing news^about her son’s 
conduct ' The basal pressure next mornmg was 
50 rnm higher than usual and only after prolonged 
questiomng was the cause revealed In another 
instance the subject, a soldier, showed slowly 
mcreasmg levels of basal pressure Interrogation 
faded to reveal any cause for anxiety known to the 
subject, but it was found by chance that he was 
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Figure 3 
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Figure 6 

Basal Systolic FVbSSUvc. 
Ci*^up 3 


Fig 1 -^ —The degree of vanation from day to day of the systolic blood pressure levels of the subjects m the three 
poups The levels of the individual readmgs of each subject are plotted as pomts above or below a zero 
line that represents the mean level of that subject The pomts arc connected by lines so that each Ime shows the 
vanauon of blood pressure m one subject The casual and basal pressures arc shown separately In each 
l^up the hnes for the mdividud subjects are drawn to the same scale on the one chart so that the one common 
TVi represents the mean of each subject 
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due to have an Army Reboard to decide if bis 
military service would be terminated He was 
discharged from the Army, as he had hoped, and 
further basal blood pressure readings returned to 
their previous level In such cases there was 
failure to obtain a basal pressure Some such 
errors may have been present without our knowledge 
m a few of the readings which have been accepted 


as basal and would tend to make the variation 
observed m the basal pressure appear to be greater 
than the true variation, which must be shght 
One of the most constant experimental errors 
which must be considered in assessing the accuracy 
of the results is that due to the sphygmomanometer 
This error is due to the vibration of the mercury 
column with the pulse wave and to a few millimetres 
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rise and fall of the blood pressure dunng respiration 
Neither of these factors is constantly present but 
both may, m certam subjects, be the source of a 
relatively large error There is also the factor of 
personal error which is more important m assessing 
the diastolic level A reasonable estimate of the 
total possible error would be ±4 mm of mercury 
for the systohc and ±8 mm of mercury for the 
diastolic Larger errors were prevented by strirt 
adherence to the method of blood pressure measure- 
ment outhned by the combined committee of the 
Cardiac Societies 

When these sources of error are kept in mmd 
and Fig 1 and 2 reconsidered it is obvious that the 
basal systohc pressure must be considered to be 
constant from day to day m normal subjects m a 
physiologically constant state Fig 1 to 6 show 
that casual systohc readmgs are much more variable 
m essential hypertension than m health Through- 
out the senes of observations it was noticed that 
hypertensive patients did not relax easily, neither 
physically nor mentally Basal levels of blood 
pressure were more difficult to attam especially if 
there was at the time any emotional disturbance 
such as apprehension Durmg basal blood pressure 
determination sudden noises, interruptions from 
the comdor, hft-gates slammmg, etc , would pro- 
duce larger elevations of pressure in hypertensives 
than comparable stimuli m normal subjects It has 
previously been noted that definite emotional 
pressor factors were found m some hypertensives 
and that these factors were difficult to ehmmate 
Some hypertensives may be inherently emotional, 
tense and restless Others, no doubt, have vascular 
systems which are more reactive than the average 
to emotional or other stimuh Very likely still 
others are mherently emotional and have, as well, 
a high vascular reactivity 

In any expenmental studies to deterrrune the 
degree of improvement m essential hypertension, a 
comparison of the basal blood pressure levels before 
and after treatment would give a more accurate 
measure of the chmcal result than would a com- 
parison of casual levels, which are so highly variable 
In almost all reports on the results of therapy m 
essential hypertension conclusions have been drawn 
from an observed difference m casual blood pressure 
levels and m many the difference observed could 
easily have been due to chance vanation 

The levels of the diastohc pressures were also 
recorded throughout the study and the results 
graphed as for the systohc pressures Fig 7 and 8 
show the vanation of casual and basal diastohc 
pressures of the normal subjects (Group^I), Fig 9 
and 10 the casual and basal diastohc pressures of 
Group n with rather higher pressure levels, and 


Fig 11 and 12 show the casual and basal diastohc 
pressures of the hypertensive subjects (Group III) 
The same general features may be seen as with 
systohc pressures namely that the basal levels are 
much more constant than are the casual levels 
Fig 8 shows that within the rather larger limit of 
expenmental error (±8 mm of mercury) the basal 
diastohc pressure is constant from day to day m 
healthy subjects 

It IS often stated that the diastohc pressure is less 
variJtble than the systohc pressure Except m the 
subjects with shghtly abnormal blood pressure levels 
(Group n — ^Fig 3 and 4, 9 and 10) this does not 
seem to apply to the subjects studied as the spread 
of the graphs m Fig 7 and 11 is not significantly 
less than the spread m Fig 1 and 5 respectively 
It IS to be expected that in the hyper-reactors of 
Group n, the diastohc pressures, both casual and 
basal, would be more constant than the systohc 
pressures because lability of the systohc pressure is 
the mam criterion of selection m this group 

The levels of blood pressure observed m this 
section of the study are shown m Fig 13 For 
Group I, the subjects with normal blood pressure 
level, the mean casual pressure was 118 mm 
systohc and 79 diastohc, while the mean basal 
pressure was 103 systohc and 72 diastohc In 
Group n, composed of prehypertensive subjects, 
the mean casual level was of course higher, namely 
138 mm systohc and 82 mm diastohc, while the 
mean basal level was not appreciably different from 
those of group one, namely 109 mm systohc and 
69 mm diastohc In the thud group, m which 
hypertensive subjects of varying levels were classed, 
the mean casual pressure was 177 mm systohc 
and 117 mm diastohc It should be emphasized 
here that m any group of subjects the mean supple- 
mental pressure must be calculated from the 
mdividual casual and basal levels of each subject 
The difference between the mean casual level, and 
the mean basal level gives no information as to the 
mean supplemental pressure of the group 

In several cases m each group of subjects 1 5 grains 
of sodium pentobarbitone was given by mouth 
shortly after wakmg on the morning of the basal 
blood pressure detemunation It was found that 
basal levels were more quickly attamed m this way, 
in nme of the cases m whom an average of over 
eight mmutes was requued for the blood pressure 
to reach basal levels without premedication, the 
use of the drug gave equivalent levels in under 
three mmutes For accurate work, however, a 
much longer time should be spent m the de'ter- 
mmation because in some cases low levels are 
attamed only after, twenty to thirty mmutes of 
habituation The hypnotic had the added advantage 
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in Groups I, H, and IH 


The Supplemental Pressure 
In the course of the investigation 
there were found to be striking 
differences m the drop in blood 
pressure observed in different sub- 
jects during basal blood pressure 
determination To amplify this 
observation a further senes of 44 
subjects was studied, one casual 
blood pressure reading and one 
basal blood pressure determination 
bemg earned out on each subject 
and the supplemental pressure deter- 
mined by subtraction The supple- 
mental pressure is a measure of the 
degree of elevation of the blood 
pressure due to emotional, nervous, 
and metabohe factors and to phys- 
ical exertion and therefore vanes 
from person to person and from 
moment to moment but gives an 
mdication of the reactivity of the 
blood pressure 

The subjects were grouped as 
before mto three mam groups ac- 
cordmg to the level of the blood 
pressure, normal, mtermediate, and 
hypertensive, but the hypertensive 
group was further subdivided mto 
two sections Group III A consisted 
of 13 hypertensive subjects without 
signs or symptoms of congestive 
heart failure and Group HI B was 
composed of 12 subjects with vary- 


of keeping the patient rested and qmet for a much 
longer period so that the determmation of the basal 
blood pressure level could be made at a time much 
more convenient for the mvestigator than soon 
after the subject wakes m the mommg as was 
ongmally proposed 

The method of basal blood pressure determmation 
used m this study was designed to give as accurate 
an estimate of the true basal blood pressure as it is 
possible to obtam In practice a fair approximation 
may be obtained on outpatients m the consultmg 
room by a tramed assistant with preparation of the 
patient as for basal metabohe rate determination 
The accuracy of such readmgs would be mcreased if 
premedication with a rapidly actmg barbiturate, 
such as sodium pentobarbitone as desenbed above, 
were used and if several detenmnations were made 
on different occasions as the first reading is usually 
higher than later ones The effect of the pre- 
medication rapidly wears off, all of the subjects 
studied bemg qmte able to carry on their daily 
work two hours after the test 


mg degree of congestive heart failure 
Table I shows the results of the mvestigation m 
these 44 subjects There are obvious and stnkmg 
differences in the mean supplemental pressures of 
the vanous groups The normal subjects showed 
supplemental pressures of about 20 mm , while 
the group with intermediate casual pressure levels 
showed a rather higher figure as was to be expected 
from the method of selection In the subjects 
with essential hypertension the mean supplemental 
pressure was over twice that of the normals When 
the essential hypertension was compheated by 
congestive heart failure, however, the supplemental 
pressure was barely one-fifth of that m the uncom- 
pheated cases and barely half that of the normal 
subjects 

To determme the significance of these observations 
a statisUcal analysis was made, the results (Table I) 
givmg mean supplemental pressures m the three 
groups To assess the statistical significance of the 
differences observed between these mean values of 
supplemental pressure, the standard error of each 
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TABLE I 

The Mean Supplemental Blood Pressure and Statistical Summary 


Group and number of subjects 

i 1 

Mean supple- 1 
mental pressure 
m millunetres 
of mercury 

Standard 
deviation m 
millunetres of 
mercury 

Difference between mean supplemental 
pressures with standard error of difference 
m millimetres of mercury 




Groups 

compared 

Difference 
with standard 
error of 

Sigmficance 


1 


difference 


I 14 normals 

18 2 

8 51 

1(18 2) 

U(25 0) 

6 8±4 97 

Nil 

n 8 prehypertensives 

in A 13 hypertensives without 

25 0 

12 51 

m A (44 6) 

I (18 2) 

26 4±4 27 

High 

heart failure 

446 

13 02 

m A (44 6) 
m B (9-0) 

35 6±3 82 

Very high 

in B 12 hypertensives with heart 



I (18 2) 

9 2±2 59 

High 

failure 

1 

90 

1 

4 32 

1 

m B (9 0) 1 




difference was calculated A statistically sig- 
nificant difference between two mean values exists 
when the numencal difference between the values 
exceeds double the standard error of that difference 
In this table it may be seen that the supplemental 
pressure of the group of hypertensive subjects is 
significantly higher than that of either the normal 
subjects or the subjects with hypertension com- 
phcated by heart failure, and the supplemental 
pressure of this latter group is sigmficantly lower 
than that of the normal subjects 
The great elevation of the supplemental pressure 
in essential hypertension accords with the previous 
observation that m essential hypertension the 
blood pressure shows marked vanation The low 
supplemental pressure m essential hypertension 
"nth congestive heart failure shows that the re- 
activity of the circulatory system to metabohc 
factors, physical work, and nervous and emotional 
factors IS reduced It might be lurgued that the 
basal blood pressure in these subjects would there- 
fore be constant In those subjects on whom 
repeated basal blood pressure determinations were 
™ade, however, it was found that from day to day 
the level of the basal blood pressure was not quite 
constant although during each detemimation the 
^el of the systohc pressure changed very little 
his suggests that a possible explanation for the 
ow supplemental pressure found m these heart 
tire cases is that the method of basal blood 
pressure detemimation docs not succeed in removmg 
c pressor factors mentioned above and that a 
rue basal level is not attamed Possible causes for 


this are the frequent presence of dyspnoea and 
Cheyne-Stokes respiration and the general dis- 
comfort of the patient, all of which would tend to 
prevent the attainment of completely basal con- 
ditions In several patients, however, determma- 
tions were made during both the acute illness when 
dyspnoea and general discomfort were marked and 
dunng convalescence when the patient was well 
In these cases the supplemental pressure during 
convalescence was as low as that found during the 
acute phase of heart failure 
Apart from this effect the stnctly controlled 
conditions of the experiment do not seem to a dmi t 
of other reasons for failure to attam a basal level 
and there is, therefore, no reason to suspect that 
the process of basal blood pressure detemimation 
was any less effective m the patients with con- 
g^tive heart failure than m those with uncom- 
phcated essential hypertension Similarly, the 
presence of the low supplemental pressure m the 
convalescent patient suggests that heart failure by 
Itself IS not sufficient to account for the vastly 
different supplemental pressures found in com- 
pensated and m failed essential hypertension The 
reduction of cardiac output which may accompany 
congestive heart failure may account, in part, for 
the low supplemental pressure observed For m 
cases of congestive heart failure the cardiac output 
is close to Its maximum and cannot be much 
increased m response to the usual pressor sUmuh 
The blood pressure, which is maintained by the 
cardiac output and the peripheral resistance, may, 
however, be altered by vanaUon m the latter factor 
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If alteration in the cardiac output was the sole 
cause of the low supplemental pressure one would 
expect that with recovery of some degree of circu- 
latory compensation the low supplemental pressure 
observed in the acute phases would be expected to 
rise In the cases observed this did not occur 
It IS possible that the low supplemental pressure 
observed in congestive heart failure was present 
before failure occurred and that it is a manifestation 
of reduced vanability of the peripheral resistance 
rather than reduced variability of the cardiac output 
A low supplemental pressure may indeed indicate 
an early onset of congestive heart failure, m that 
with a sustamed high level of penpheral resistance 
the cardiovascular system would fail sooner than 
when, with the same level of casual blood pressure 
and a high supplemental pressure, the cardiovascular 
system was relieved, during rest, of a large part of 
the peripheral resistance The presence of a low 
supplemental pressure in cases of essential hyper- 
tension may, therefore, be of assistance, along with 
the degree of hypertension, m assessing prognosis, 
especially as to the onset of congestive heart failure 
The hypertension of chronic nephntis, m which 
only a small amount of variation occurs (Kyhn 
1921, Ayman 1931, Gatman, Nassif Amin, and 
Smirk 1943) is, m this respect distinctly different 
from the hypertension of subjects with early stages 
of essential hypertension (Group lU A) m which 
a large supplemental pressure occm;s On the 
other hand the hypertension of chronic nephntis, 
which IS widely accepted as being mediated by the 
renm system, resembles that of the failed cases of 
essential hypertension of Group HI B in that a low 
supplemental pressure occurs m both The observa- 
tion that the rehef of renal congestion by an improve- 
ment m cardiovascular function does not mcrease 
the supplemental pressure suggests that renal 
congestion by itself is not sufficient to account for 
the similanty of the blood pressure responses of 


chronic nephntis and of cases of failed essential 
hypertension 

Conclusions 

The basal blood pressure of normal subjects is 
constant for periods of one to three weeks 
The casual blood pressure of normal subjects is a 
vanable figure 

The casual blood pressure of subjects with 
essential hypertension is exceedmgly vanable 
The basal blood pressure of subjects vnth essential 
hypertension is much more constant than the casual 
blood pressure A part of this vanabihty is 
probably due to the greater difficulty m securmg 
basal condition m these subjects 
The use of an hypnotic drug (soluble pento- 
barbitone, 1 5 grams given by mouth half to one 
hour before the test) preparatory to basal blood 
pressure determmation gives levels of basal blood 
pressure comparable to those obtamed without 
such premedication and greatly reduces the time 
taken to obtam a basal level m nearly all cases 
The mean supplemental pressure m a grpup of 
normal subjects was 18 mm of mercury In a 
group of hypertensive subjects the mean supple- 
mental pressure was 44 mm of mercury The 
difference between these figures is statistically 
significant In a group of hypertensive subjects 
with congestive heart failure, however, the mean 
supplement pressure was 9 ram of mercury, 
significantly lower than that of the normal subjects 
and, even more 'so, of the hypertensive subjects 
without heart failure 

Thanks are due to Professor F H Smirk for his 
encouragement, advice, and cnticism throughout the 
preparation of this paper, and to Miss Walsh for clencal 
assistance 

Part of the mvestigation was aided by a grant from the 
Dunbar Research Fund of the Umversity of Otago for 
which I wish to thank the Umversity Council 
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Electro-convulsive therapy was first used exten- 
sively in 1939, and with such success that three years 
later Kolb and Vogel (1942) in a survey of the Umted 
States reported its use m 42 per cent of mental 
hospitals and m the treatment of 2 3 per cent of all 
mental fiospital patients, this latter group was 
composed of the schizophremas, the mamc-depres- 
sive states, mvolutional melanchohas, and the psycho- 
neuroses As convulsant treatment is now of 
estabbshed value m the affective neuroses and as 
electric shock has largely superseded msulm and 
metrazol as a convulsant, it seemed pertinent to 
attempt some assessment both clmically and electro- 
cardiographically of its effect on the cardiovascular 
system These observations consisted of a chmcal 
history (which by the nature of the psychiatnc 
condition was not always complete), a routine 
examination of the cardiovascular system and 
electrocardiograms (standard leads only) both 
before and after the convulsion The second 
cardiogram was taken m the recovery phase directly 
after the clonic movements had ceased, m some 
instances there was shght delay due to uncontroll- 
able spasmodic movements The patients m this 
senes were not specially selected, a quarter were 
observed dunng their imtial treatments 
The convulsant apparatus used was that of Strauss 
ahd MacPhail (1946), which by means of a rapidly 
dischargmg condenser yields the hi^er voltages at 
the start, thereby overcommg the mitial resistance, 
and as only minimal energy is then necessary to 
induce the fit, the equally rapid dampmg rmnimizes 
subsequent neuromc bombardment The time 
factor IS therefore of less importance and the dosage 
IS reckoned m Joules or total energy rather than m 
m volts this vanes accordmg to vt-eight and general 
fragibty ^ the usual dosage m this senes was 18 Joules 
diphasic A monophasic discharge yields a quieter 
nrcovery but is less certain m mducing a convulsion 
The electrodes, soaked m 20 per cent sahne, are 


apphed to the temples, antenor to and a httle above 
the external auditory meati The duration of the 
shock IS variable, lastmg about 0 35 sec , imcor- 
sciousness is mstantaneous and is succeeded by a 
tome phase, thence a dome phase, which m turn is 
followed by exhaustion and relaxation or imtabdity, 
from which consciousness is recovered m from four 
to fifteen minutes — a consciousness clouded by dis- 
onentation and amnesia Occasionally the shock 
may produce a “ stun ” only, the patient remaming 
conscious Successive “ stuns ” may mduce cardio- 
vascular coUapse The average duration of the 
tome phase, as observed m 22 patients, was 16 
seconds, of the dome phase 25 seconds The 
length of the tome penod bore no relationship to 
that of the dome Directly after the shock oxygen 
was admmistered by mask, and as the tome phase is 
short, cyanosis was not observed 

Results 

Fifty-one patients, of whom 38 were women and 
13 men, were observed before and after 63 electro- 
convulsions The presentmg psychiatnc symptom 
m 82 per cent was depression The average findmgs 
m pulse rates and blood pressures are set out m 
Table I In. seven mst^ces the pulse rate foUowmg 
the convulsion remamed unchanged or was de- 
creased, in the mam there was considerable mcrease 

The systohe blood pressure foUowmg the con- 
vulsion was elevated m about a third, showed no 
sigmficant change (systohe ±10 mm , diastohc ±5 
mm) m a third and was actually lowered m the 
remamder Where an mcrease occurred, this lay 
usually between 20 and 35 mm and was accompamed 
m under a third, by a small fall m the diastohc read- 
ing The maximum mcrease was 55 mm , from 
135/70 to 190/95 m a man, aged 27, who displayed 
marked restlessness and considerable tachycardia 
However, restlessness with tachycardia was not m- 
vanably accompanied by a nse m the blood pressure 
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TABLE I 

Pulse Rate and Blood Pressure after Electro-Convulsive Iherafy 



Age 

Pulse rates after convulsion 



Blood pressure 


Nos 

Average 

Ex- 

In- 

creased 

Un- 

changed 

De- 

creased 

Av m- 

1 Average 

In- 

creased 

Insigm- 
ficant 
change f 

De- 

creased 


tremes 

crease per 
minute 

Before 

After 

Women 

38 i 

* 

43 3 ! 

i 

24-69 

34 

3 

1 

23 1 

150/91 

147/87 

12 

12 , 

14 

9 ! 

1 

47 

24-62 

7 

1 

1 

1 

17 

145/90 

135/81 

1 

1 

! 4 

4 

Men 

13 

* 

43 6 

26-62 

12 

— 

i 

1 

27 

129/80 

[ 

136/75 

B 

6 

3 

3 

46 

27-62 

3 

— 

— 

32 

145/83 

173/98 

H 

1 

— 


* = Subsequent records t = Systolic pressure ±10 mm , diastolic ±5 mm 


The decrease in blood pressure lay within a similar 
range the greatest fall was from 185/100 to 120/80 
and IS probably, m part, a measure of anxiety 
Three patients with severe hypertension showed 
shght elevation of the systohc or diastohc levels or 
both 

None of these patients had curare before the 
electroplexy and it was not possible to take the 
blood pressure dunng the convulsion As the 
cardiogram was taken first, there was a shght delay 
between the end of the fit and the recording of the 
blood pressure, dunng which it was thought that 
the readings might have been considerably raised 
Preliminary observations of patients who have had 
curare and pentothal show a small initial fall and 
then followmg the convulsion there may be no 
considerable nse m systohc pressure, or where an 
mcrease occurs, this may be delayed for a mmute 
or two and has not been excessive (Fig 1) With 
curare m the usual dosage, there is some movement 
of the arms m the dome stage, which makes a blood 
pressure readmg usually impossible In one patient, 
who had five consecutive shocks m twenty mmutes. 
It ivas possible to record the blood pressure dunng 
one dome stage (Fig 2) the systohc level was 
raised 20 mm and remained so for 45 seconds after 
the convulsion had ceased If sufBaent curare is 
given to abolish all movement of the arms, then the 
likelihood of anoxia from paralysis of the respiratory 
muscles may make the blood pressure readmgs 
unreliable 

Hypertension was the commonest abnormal find- 
mg in routme exammation, being present m 1 man 
and 14 women (29 per cent), the upper himt of 
normahty was arbitrarily taken as 155/95 at rest 
and on repetition It may be suggested that these 


levels are too low m the circumstances, but the 
patients were rarely agitated or mdeed alarmed at 
the thought of the approachmg convulsion for 
which there is subsequent amnesia Of these 15 
hypertensives, 12 were mild to moderate and 3 were 
considered severe (above 220/130), one of these 
latter had commencing nght ventneuJar failure 
Two patients suffered from bronchial asthma of 
moderate degree One patient had chrome bron- 
chitis with early nght-sided failure and one was a 
chronic alcoholic In no patient was there history 
of cardiac pam on exertion or suggestive of a 
previous mfarction 

Ui 

Z 

i 

o 


h- 



Fig I — Systohc blood pressure during two convulsions 
under pentothal 0 5 g and curare 30 mg in a man 
aged 45 The second record is in dotted lines 
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Fig 2 — ^Blood pressure records m a girl aged 27 durmg 
five consecutive convulsions under pentothal 0 4 g 
and curare 15 mg 


Although the motor discharge vaned considerably 
from patient to patient, persistently raised cervical 
venous pressure followmg the convulsion was not 
observed However, Altschule, Sulzbach, and 
Tillotson (1947) have noted mcreased venous pres- 


sure durmg the convulsion and shght elevation 
subsequently, less evident m patients given curare 

The cardiographic changes followmg convulsion 
are summarized in Table n the mam features are 
increase m the height of the P wave m lead II, 
prolongation of the P-R mterval, mcrease m the 
amphtude of the T waves m leads n and m, and 
less frequently diminution of R I and depression 
of S-T n (see Fig 3) 

An mcrease m P n was present m 61 per cent of 
patients, the increment rangmg from very shght up 
to 1 5 mm , this was reflected to a lesser extent m 
lead in (31 per cent) The P-R mterval was 
lengthened m 52 per cent , this was mvanably 
associated with an elevation of P H, although the 
converse was not necessarily so No gross pro- 
longation was found, the mcrease lymg between 0 02 
and 0 06 sec 

RI was diminished m size m 29 per cent, the 
most marked reduction was —5 mm This dimmu- 
tion was not accompamed by any constant change 
m the complex, nor was it consistently present on 
repetition of the cardiogram after subsequent 
convulsions 

Depression of the S-T segments occurred chiefly 
m lead U, was shght m extent, and present m 29 per 
cent Elevation of the T waves was noted m lead II 
m 55 per cent and m lead m m 41 per cent, the 


TABLE II 


Electrocardiographic Changes following Electro-Convulsive Therapy 


Nos 

m 

PH 

pm 

P-R 

RI 

S-TH 

s-Tra 

■9 

Tn 

Tm 

- 

4- 

+ 

-1- 

+ - 

+ - 

— 

1 — 

+ - 

1 

+ - 

1 

+ — 

Women 

38 

2 

22A 

lOA 

22 1 

3 14 

i 

8 

6 

1 

0 

1 

4 

18 

4 

15 

2 

In subsequent 
convulsions 

9 

1 

3 

3 

3 0 

0 5 

4 

1 

2 

1 

0 

■ 

1 

5 

0 

Men 

13 

2 

9 

6 

i 

4 0 

1 

BB 


B 

1 

1 

10 

0 

6 

0 

In subsequent 
convulsions 

3 

0 

3 

0 

1 1 

2 0 

i 

1 

1 0 

1 ° 

0 

0 

1 

1 

1 

1 

Totals 
Percentage 
(51 cases) 

8% 

j 

61% 

31% 

52% 2% 

14% 29% 

29% 

20% 

2% 10% 

55% 8% 

41% 4% 

Percentage 
(6 cases) 


50% 

Af 

33% 

ter standard 

0% 33% 

. exercise in 

— 17% 

healthy yi 

67% 

3ung men 

1 

67% 0% 

50% 0% 


A - P n and P m were decreased m one patient B = S-T n was elevated m one patient 
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Fig 3 — (A) b^ore, (B) directly after the convulsion showing increase in P 11 and P III and slight lengthening 
of the P-R interval (C) before, (D) directly after the convulsion showing increase in T II and T III 


increase in height was usually greater in lead II 
varying between 0 5 and 2 5 mm 

Among less frequent changes were increased 
prominence of S 11 and S III in 5 patients, intra- 
ventncular delay m two patients unassociated with 
prolongation of the P-R mterval, 12 patients showed 
premature beats, m 4 of whom they were observed 
only after the convulsion, these consisted of aun- 
cular, nodal, and ventncular premature beats 

Where subsequent cardiograms were taken the 
pattern had reverted to the onginal ten minutes 
later 

Discussion 

Increased amplitude of P II and T II and slight 
downward displacement of S-T II together with 
tachycardia are all encountered in the healthy adult 
following exercise (Table 11), and seem best ex- 
plained as the result of those processes entailed m 
muscular activity As to the decrease in size of 
R I, this with a trend to nght axis deviation is also 
an accompaniment of exercise m a proportion 
(Wood and Wolferth, 1931), perhaps more frequent 
in the less fit psychiatric patients P II elevation 
piesumably indicates some degree of nght heart 
strain Some further explanation is necessary for 
the slight prolongation of the P-R mterval, en- 
countered in 52 per cent, as opposed to the shorten- 
ing frequently accompanying mcrease m the heart 
rate, as also for the occurrence of mtra-ventncular 
delay That this slowing of A-V or bundle branch 
conduction, in the presence of tachycardia, is due 
to vagal action seems most unlikely 


Two patients previously showing some lengthen- 
ing of the P-R interval following convulsion, were 
given atropme 1/50 of a gram before a subsequent 
fit and m both instances the P-R delay was agam 
present (Fig 4) Two further possibilities present 
themselves, firstly, that the lowered conductivity is 
caused by anoxia or secondly, is an after-effect of 
adrenaline Anoxia produces mcrease m excursion 
of the P waves, the P-R mterval may be lengthened 
the S-T segment may be depressed and the T waves 



A B 


Fio 4 — Atropme gr 1 /50, followed 20 minutes later by 
E C T (A) before, (B) directly after the convulsion 
showing mcrease m P II and P III and slight pro- 
longation of the P-R mterval 
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lowered (Graybiel and White, 1946) Although the 
tonic phase of the convulsion is short and oxygen is 
administered from the begmning, and although 
cyanosis has not been remarkable, the possibility 
of anoxia being a factor in the production of the 
lowered conductivity of the bundle cannot be ex- 
cluded Alternatively, adrenalme in the experi- 
mental animal (cat) may produce partial heart block 
and bundle branch block after the prehmmary 
acceleration, this, of course, in hyper-physiological 
concentrations As electric shock produces a syn- 
chronous discharge such as never occurs naturally 
and as the passage of the current is not far removed 
from the prefrontal areas, it is conceivable that a very 
high adrenaline concentration temporanly results 
Adrenabne may also be the cause of cardiac imt- 
abihty, shown by ectopic beats, as occurred in a 
patient with a chromaffin adrenal tumour descnbed 
by Espersen and Jorgensen (1947) Anoxia, how- 
ever, seems the more likely factor in producing the 
P-R prolongation and mtraventncular delay 

Bellet, Freed, and Dyer (1939) found noteworthy 
cardiographic changes in two-thirds of 58 insuhn 
shock treatments m 40 patients, namely depression 
of S-T segments, dimmution in the height of the T 
waves, prolongation of the Q-T interval and vanous 
arrhythmias including shiftmg pace-maker, sino- 
auricular block, auncular extrasystoles, and auricular 
fibrillation The auricular fibnfiation occurred m 
two patients and lasted for four and twenty-four 
hours resjjectively Similar changes were observed 
by Hadom (1937), who m addition found the P-Q 
interval lengthened in 10 per cent 

Nyman and Silfverskiold (1943) stress the simi- 
larity of the electrocardiographic findings after 
electroplexy and those produced by the Valsalva 
experiment, with the exception of the markedly 
increased heart rate in the former In a senes of 
1 3 patients they found increased amplitude of P 11 
(69 per cent), diminished RI in all patients and 
increase in T II (69 per cent), with return to normal 
after a few minutes They postulate that the in- 
crease in mtrathoracic and intra-abdommal pressure 
occurring in electric convulsions produces these 
changes 

Kolb and Vogel (1942) state that the deaths 
resulting from electroconvulsive therapy were 0 5 
per 1000 compared with 1 per 1000 for metrazol 
and 6 per 1000 with insulin Of six fatahties 
reviewed by Napier (1944) one was ascnbed to 
myocardial degeneration, which was confirmed at 
autopsy, death occurred half an hour after the 
convulsion Ebaugh, Barnacle, and Neuberger 
(1943) describe two deaths following electric con- 
vulsions, the first patient, aged 57 years, had anginal 
pain directly after the thirteenth treatment and died 


an hour and a half later, the autopsy revealed 
extensive coronary atheroma and a recent throm- 
bosis A previous electrocardiogram had been 
reported as normal Their second patient, who 
had been treated with curart, died of respiratory 
failure Death has also resulted from massive 
pulmonary oedema, two days after the second con- 
vulsion m a 35-year-old negro, who post-mortem 
showed menmgo-vascular syphihs (Gralmck, 1945) 

There was httle evidence of cardiac or circulatory 
embarrassment resultmg from electroplexy, nor was 
an important arrhythmia encountered m our cases, 
the majonty of which, however, had normal or near 
normal hearts None the less, m one patient with 
chrome bronchitis and early failure, and in the three 
patients with severe hypertension nothmg untoward 
occurred The dramatic nature of the treatment 
may have over-emphasized its potential dangers, 
although it IS obviously undesirable that a patient 
with a history or cardiographic evidence of coronary 
disease shotild be subrmtted to electro-convulsive 
therapy, on occasion psychiatnc indications may 
outweigh this consideration Perhaps the nsk from 
electroplexy, off set by curare and the particular 
avoidance of anoxia, is not so great as at first seemed 
likely Certainly there is less danger of arrhythmia 
than from insuhn produced convulsions In the 
presence of valvular disease the possibihty of pre- 
cipitating auncular fibrillation exists but is probably 
slight 

Summary 

“ Steepwave ” electroplexy produces moderate 
tachycardia and little sustained change in blood 
pressure With oxygSn inhalation there is no 
obvious cyanosis The degree of increased venous 
pressure dunng the fit is difficult to assess, but it 
has not been persistent cbnically 

The cardiographic changes in 51 patients ob- 
served after 63 convulsions consist of elevation of 
P II and T II and slight increase in the P-R mterval 
in half, R I was dimimshed and S-T II slightly 
lowered in less than a third, S n and S IH were more 
promment in 10 per cent, 2 patients (4 per cent) 
showed mtraventncular delay, 4 patients (8 per 
cent) had heterotopic beats after the convulsion 
only 

It IS suggested that the changes in P n, T II, R I 
and S-T II are the result of “muscular activity” 
and that the delay in aunculo-ventncular and intra- 
ventncular conductivity may be the result of anoxia 

Patients of middle age or over should have cardio- 
grams before electroplexy is undertaken Although 
evidence of coronary disease is a strong contra- 
indication, on occasion psychiatnc considerations 
may be so imperative as to override this 
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ABSTRACTS OF CARDIOLOGY 


Thrombosis and Embolism of Pubnonary Vessels with 
Special Reference to Pulmonary Vein Thrombosis 
D M Spain and J B Moses Amer J med Set , 
212, 707-712, Dec , 1946 

The general incidence of pulmonary emboli or thrombi 
in a senes of 1000 consecutive necropsies (not inclusive 
of bacterial endocarditis and traumatic cases) was 10 9% 
The source of emboli in the lungs is approxunately twice 
as frequent from the systemic veins as from thrombi 
within the heart Pulmonary emboli m patients without 
heart disease frequently do not cause pulmonary infarcts 
In IQQ consecutive necropsied cases of myocardial 
infarction, pulmonary emboli were noted 36 times and 
systemic artenal emboli 25 times The incidence of 
pulmonary emboli is much greater in association with 
recent myocardial infarcts than with healed infarcts 
The pulmonary emboli very often contributed to the 
death of the patient Pulmonary venous thrombi as a 
source of systemic arterial emboli occur more frequently 
than IS generally recognized Pulmonary tuberculosis 
was the disease most often associated with pulmonary 
venous thrombi Infected emboli resulting from pul- 
monary thrombophlebitis are exceedingly rare — 
[Authors’ summary) 

Fluctuations of the “ A ” Wave in a Case of the WoUf- 
Parkinson-Wblte Syndrome (Fluctuations de I’onde 
A dans un cas d’lnvasion ventnculaire pr6cose ) R 
Pannier Acta cordial , 1, 37-43, 1946 
A case of the Wolff-Parkinson-White syndrome is des- 
cribed An electrocardiogram taken between the 
attacks of paroxysmal tachycardia showed the changes 
characteristic of the syndrome — namely (I) The 

presence of the supplementary “ A ” wave (previously 
desenbed by Segers, Lequime, and Denolin) in the P-Q 
interval An apparent shortemng of the P-Q interval 
and broadening of the QRS complex was commonly 
produced by the merging of this supplementary wave 
with the QRS complex (2) The S-T segment was dis- 
placed m leads I and III These changes were subject 
to spontaneous fluctuations and could be dunmished by 
deep inspiration by intravenous atropine sulphate (1 mg ), 
or by acetylcholine (20 mg ), all of which also modified 
the P wave Intravenous quinme sulphate (50 mg) 
abolished all the abnormal changes but did not affect the 
P wave B McArdle 

Cardiac Clinics CXVn Electrocardiograms Displaying 
Short P-R Intervals with Prolonged QRS Complexes 
An Analisls of Sixtj-five Cases F A Wiluus and 
H M Carryer Proc Mayo Clin , 21, 438-444, 
Nov 13, 1946 

The relatw’ely short history of the Wolff-Parkinson-Whitc 
syndrome is reviewed, and the theory that its mechanism 


depends upon short-circuiting through accessory conduc- 
tion pathways between auricle and ventncle is favoured 
During 1945 this electrocardiographic pattern was seen 
in 65 cases at the Mayo Clinic There was no evidence 
of heart disease m 46 (71%) There were 8 cases in the 
third decade (20 to 29), 17 in the fourth, 22 in the fifth, 
12 in the sixth, 4 in the seventh, and 2 in the eighth 
Paroxysmal tachycardia occurred in 57%, but 3 of 
these cases proved to have auricular flutter The electro- 
cardiogram simulated left bundle-branch block in 26 
instances (40%), right in 4 (6%), and was dissimilar to 
either form in 35 (54%) One death occurred among 
those without heart disease, in a woman of 26 who died 
suddenly dunng an attack of paroxysmal tachycardia 
No pathological or experimental evidence bearmg on the 
mechanism of this syndrome is submitted, there is no 
note concerning the effects of any drug Paul Wood 


Anastomosis of the Aorta to a Pulmonary Artery Certain 
Types in Congenital Heart Disease W J Potts, 
S Smith, and S Gibson J Amer med Ass , 132, 
627-631, Nov 16,1946 

Attempts have been made in several American centres 
to relieve anoxia due to pulmonary stenosis and atresia 
by effecting some form of shunt between systemic and 
pulmonary arteria 1 systems Direct anastomosis between 
the aorta and pulmonary artery had not previously been 
considered m man since Gross and Hufnagel {New Eng 
J Med , 1945, 233, 287) and Blalock and Park {Ann Stirg , 
1944, 119, 445) showed in the expenmental animal that 
the clamping of the aorta long enough to perform 
anastomosis gave a quite high incidence of paralysis m 
the hind legs Blalock and Taussig {J Amer med Ass , 
1945, 128, 189) avoided aortic occlusion by performing an 
anastomosis between the subclavian or innominate artery 
and the pulmonary artery distal to its atretic segment 
The present authors, desirous of effecting a direct anasto- 
mosis between the pulmonary artery and aorta, have 
devised a special clamp that will occlude only one-half 
of the aortic lumen and will permit aortic circulation to 
continue through approxunately half of the lumen while 
the anastomosis is earned out to the lower border 
Only the lower surface of the aortic arch is occluded by 
the clamp, and formal lateral anastomosis is performed 
between the left pulmonary arteiy and this isolated 
portion of aorta The operation has been done m 3 
children, one of whom did not survive, the child died 
apparently of post-operative pulmonary congestion 
The condition of the other two children, aged respectively 
21 months and 7 years, was substantially improved, and 
the artenal oxygen tension was elevated to a pronounced 
degree 

[For full details of the operative procedure the onginal 
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article should be consulted since the structure of the 
clamp IS of essential importance m the operative proce- 
dure ] jfan jitrd 

An Electrocardiographic Study of PsychoncuroHc Patients 
S S WiNTON and L Wallace Psychosom Med , 8, 
332-337, Sept -Oct , 1946 

The authors point out that so far studies of electro- 
cardiographic abnormalities of psychoneurotic patients 
have been confined to determining whether a specific 
pattern exists m cardiac neurosis, but that comparisons 
with large groups of tracings from normal patients have 
not been made Dunng the war large-scale electro- 
cardiographic surveys were carried out among Service 
personnel and it was seen that similar abnormalities 
occurred in these groups The purpose of the authors’ 
mvestigation of 76 patients under the age of 40 with 
no organic cardiovascular disorders was to ascertain 
whether any electrocardiographic characteristics of 
psychosis or neurosis existed. The chief complaints of 
the patients were referable to the cardiovascular system, 
and the most common were palpitation, a pnecordial 
sensation of constnction not necessarily related to effort, 
dizzmess, vertigo, and dyspnoea with excitement or 
effort In 4 of the 76 cases the curve was abnormal, m 2 
it was probably abnormal, and in 8 cases it was border- 
line In the remainder the curves were normal There 
was no combination of abnormalities that fitted into any 
distinct pattern characterizing psychoneurotics, but about 
12% presented a right heart strain pattern as suggested 
by tall P waves, nght axis shift, and S-T depression in the 
limb leads Flat or inverted T waves in leads I and II 
occurred about 15 tunes as frequently m this senes as in a 
large group of young healthy aviators S Oram 

The Technique of Creation of an Artificial Ductus Arteno- 
Bus m tte Treatment of Pulmomc Stenosis A 
Blalock J thorac Surg , 16, 244—257, June, 1947 
This IS a techmcal account of the author’s now classical 
operation (first reported m 1945) performed at Johns 
Hopkins Hospital, Baltimore, for the rehef of congenital 
pulmonary stenosis, such as occurs m “ blue babies ” 
and is characterized by the tetralogy of Fallot — pul- 
monary stenosis, an over-nding aorta, ventricular 
septal defect, and nght ventncular hypertrophy The 
patients’ ages ranged from 2 months to 26 years, but the 
optimum time for operation is between 3 and 7 years 
The chest is opened on the side opposite to that on 
which the aorta descends (38 of 144 patients had a nght- 
sided aorta, and were therefore operated upon from the 
left), so as to gam access to the innominate artery and 
Its branches The subclavian artery is then freed up to its 
first large branch, divided between clamps, and turned 


down so that its cut end can be anastomosed to the side 
of the similarly cleared pulmonary arteiy, which is 
temporarily clamped This permits an extensive shunt 
of inadequately oxygenated systemic blood through the 
pulmonary circulation, with corresponding rehef of 
anoxic symptoms 

Though the author regards the above procedure as the 
best, frequent anomalies, both of the systemic and of the 
pulmonary vessels, are encountered and may necessitate 
the use of the innommate or carotid arteiy instead of the 
subclavian, and of an end-to-end rather than end-to-side 
anastomosis Total absence of the left pulmonary 
artery has been met, but it is emphasized that one systemic 
trunk or another is always available The anastomosis 
IS made with No 00000 silk, m a single layer everting the 
mtima, and interrupted in several places to avoid con- 
striction of the lumen The special clamps used for the 
temporary occlusion of the pulmonary arteiy are 
descnbed 

The mortality rate among the 144 patients discussed 
was 22%, and all the survivors were improved Smce 
this publication the author has operated on a total of 
450 children Geoffrey Flavell 

Clinical Features of Patent Ductus Artenosus with Special 

Reference to Cardiac Murmurs S A Levine and 

A E Geremia Amer J med Sci , 213, 385-394, 

ApnJ, 1947 

The accurate diagnosis of the exact anatomical lesion m 
congemtal cardiac disease has only become of practical 
importance dunng the last few years because of the use 
of specific surgical treatment The authors analyse 37 
cases of patent ductus artenosus, in which the diagnosis 
was confirmed at operation The murmur, having both 
systohc and diastohc components, vanes considerably 
in loudness from case to case It is generally loudest 
in the second, but occasionally m the first or third left 
interspace It may be transmitted to the back of the 
chest A thrill was present in over half the cases The 
pulse pressure decreased from an average of 65 mm , 
before operation to 45 mm after operation There 
was no typical electrocardiographic pattern Right axis 
deviation does not occur Rare cases exist m which no 
murmurs, or at least no diastohc murmurs, are audible, 
a possible explanation of this is that the pressure m the 
pulmonary artery is as great as that m the aorta and 
therefore no flow takes place through the ductus The 
persistence of a basal diastolic murmur after operation 
was found to be due either to the recanalization of the 
ductus or to bactenal endocarditis which had also 
mvolved the aortic valve In puzzimg or atypical cases 
cardiac catheterization is necessary to establish an 
accurate diagnosis Geoffrey McComas 
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Malformations of the Heart Amenable to 
By Helen B Taussig,' 

There arc three types of malformation of the heart 
that cause persistent cyanosis In the first group 
there is lack of adequate pulmonaiy blood flow, as 
for example m pulmonary stenosis and pulmonary 
atresia In the second group there is difficulty in 
the direction of oxygenated blood to the systemic 
circulation, as in complete transposition of the great 
vessels In the third group there is failure of the 
blood to be fully oxygenated m its passage through 
the lungs, as in the Eisenmenger complex It is 
only the first of these three groups that is amenable 
to the Blalock-Taussig operation, and hence only 
this group IS discussed in this paper 
The operation developed by Dr Alfred Blalock 
IS designed to increase the circulation to the lungs 
This IS accomplished by the anastomosis of the 
proximal end of one of the systemic arteries to the 
side, or distal end, of the right or left pulmonary 
artery In order that the blood should flow from a 
systemic artery to a pulmonary artery the pressure 
in the systemic circulation must be higher than that 
in the pulmonary circulation This is true in ail 
cases of pulmonary stenosis or atresia In such 
malformations a Blalock-Taussig operation virtually 
restores the condition to that existing before the 
closure of the ductus arteriosus When there is 
pulmonary atresia, only nrely does the collateral 


the Blalock-Taussig Operation 
Baltimore, Maryland 

circulation develop with sufficient rapidity to enable 
the infant to survive the closure of the ductus 
arteriosus Consequently, m such instances, if 
operation is to be life-saving, it must usually be 
performed before the ductus arteriosus undergoes 
obliteration When, however, there is pulmonary 
stenosis, operation can usually be postponed until 
childhood 

The diagnosis of pulmonary stenosis or atresia is 
based upon the history, combined with certain 
clinical and radiological findings The history of the 
development of cyanosis at an early age is a 
charactenstic of this malformation The position 
which the child assumes when tired is a diagnostic 
aid because most children w'ho suffer from a reduc- 
tion in pulmonary blood flow squat when tired 

The outstanding findings on physical examination 
are persistent cyanosis combined with a heart that 
IS little, if at all, enlarged, a basal systolic murmur 
and a clear second sound The electrocardiogram 
shows a right axis deviation X-ray of the heart 
shows an absence of the normal pulmonary conus 
and upon fluoroscopy there is absence of pulsations 
of the hilar shadows 

The degree of cyanosis is subject to great variation 
Most children are intensely cyanotic There are, 
however, a few with a tetralogy ofFallot but with lips 


* From the Department of Piedialncs of the Johns Hopkins University and the Cardiac Clinic 
of the Harriet Lane Home of the Johns Hopkins Hospital 
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of normal colour and only slight cyanosis of the 
fingernails, who are extremely incapacitated Upon 
exercise such children usually suffer from a marked 
fall in the oxygen saturation of the arterial blood 
The cardiac findings are also variable A basal 
systolic murmur and a clear second sound are the 
rule However, with extreme pulmonary stenosis 
there may be no murmur Usually diastole is clear 
The exact diagnosis of the anatomical abnormality 
IS not as important as it is to have the malformation 
amenable to surgery The essential cnteria for 
successful operation are (1) the lack of adequate 
circulation to the lungs, (2) the availabihty of a 
systemic artery, (3) the existence of a pulmonary 
artery, ( 4 ) a pressure greater in the systemic than 
m the pulmonary artery, (5) the structure of the 
lungs such that the patient can survive the collapse 
of one lung and the occlusion of one pulmonary 
artery, and (6) a heart of such size and structure that 
it can adjust to the altered circulation * 

Although the existence of a pulmonary artery and 
of low pulmonary pressure are essential for success- 
ful operation, these facts are not always easy to 
determine pnor to operation 
Fluoroscopy is of prime importance both for the 
visualization of the pulmonary artery and for 
determining the presence or absence of hilar pulsa- 
tions In infants who suffer from lack of adequate 
pulmonary blood flow, the lungs are usually ex- 
ceptionally clear In adults with a large pulmonary 
artery and high pulmonary pressure, the visualization 
of hilar pulsations when present is usually not 
difficult In children, however, the vessels are 
smaller and the pulsations are correspondingly more 
difficult to see In the rare instances of complete 
transposition of the great vessels, the pulmonary 
artery hes postenor to the aorta and there is a 
considerable amount of lung tissue overlymg the 
pulmonary artery Under such circumstances the 
pulsations m the pulmonary artery are difficult, if 
not impossible, to demonstrate 

Furthermore, the hilar shadows mcrease as the 
collateral circulation develops through the postenor 
mediastmal vessels These shadows are caused by 
an aggregation of small vessels and when the 
observer’s eyes are fully dilated appear as an aggre- 
gation of inmute shadows, which never show 
expansile pulsations Absence of hdar pulsations is 
a pre-requisite for the operation, as their presence is 
a strong indication of adequate or excessive pul- 
monary blood flow and is usually mdicative of high 

* These criteria were discussed m detail m the Brown 
Memonal Lecture given by the author in Atlantic City, 
June 1947, entitled “An Analysis of Malformations of 
the Heart Amenable to a BlaJock-Taussig Operation,” 
to be publi^ed in the American Heart Journal 


pulmonary pressure Nevertheless, in the absence 
of hilar pulsations, the existence of a pulmonary 
artery cannot be determined with certamty pnor to 
operation 

The occurrence of a continuous murmur calls for 
careful consideration Such a murmur may be 
caused by the persistent patency of the ductus 
artenosus or by the flow of blood through large 
vessels of the collateral circulation The differentia- 
tion IS important because in the former condition 
there is certainly a pulmonary artery and therefore 
operation is possible, whereas in the latter there 
may be no pulmonary artery m which case opera- 
tion will be impossible 

As regards the size and structure of the heart, 
great cardiac enlargement is a contraindication for 
operation because should the operation cause further 
enlargement the patient would be unable to maintain 
compensation 

An over-nding aorta or some pathway for the 
direction of venous blood mto the systemic cucula- 
tion IS essential because it is the direction of venous 
blood to the lungs that is of benefit to the patient 
Indeed, the fundamental difierence between the 
artificial ductus artenosus m a tetralogy of Fallot 
and an uncomphcated ductus artenosus or an 
arteriovenous aneurysm is that m the former the 
dextroposed aorta permits the direction of mixed 
venous blood to the lungs, whereas in the latter 
conditions only fully oxygenated blood is redirected 
to the lungs In a patient with a tetralogy of Fallot, 
although operation may lead to a marked nse m the 
oxygen saturation of the artenal blood, the oxygen 
content of the artenal blood never reaches normal 
because of the over-ndmg of the aorta The 
^turation of the artenal blood remains between 
75 and 85 per cent, and upon exercise it drops to 
70 per cent or less Consequently the blood directed 
through the artificial pathway to the lungs is 
essentially that normally directed through the pul- 
monary artery to the lungs 

The simplest method for the demonstration of the 
dextroposition of the aorta is by the determination 
of the circulation time A short circulation time, 
arm to tongue, of less than 10 seconds is strong 
presumptive evidence that venous blood is being 
pumped directly mto the systemic circulation In 
doubtful cases, angiocardiography may be necessary 
to determme the time at which the aorta is visualized 

Cardiac arrythmias are dangerous Partial heart 
block of such a nature that the heart slows with 
exercise is especially dangerous, because at the end 
of the operapon the heart normally accelerates to 
adjust to the increased pulmonary blood flow 
Slowmg of the heart rate at this time is hable to lead 
to acute cardiac dilataPon and standstill 
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Rotation of the heart upon its axis calls for care- 
ful investigation, as this condition is frequently 
associated with a complicated malformation 
The over-all mortahty rate of the first 350 
patients* submitted to a Blalock-Taussig operation 
18 shown m Table I Although not shown in this 


TABLE I 

Results of the First 350 Blalock-Taussio 
Operations 



Total No 
of Cases 

Percental 

Deaths 

60 j 

17 0 

Exploratory 

16 1 

45 

Ununprov^ 

8 

25 

Slight improvement 

18 

50 

Excellent 

248 

71 0 


table, the mortahty rate m infants and in adults has 
been considerably higher than m children The 
mortahty rate m infants has been approximately 
30 per cent and that m children approximately 10 per 
cent and m adults approximately 18 per cent The 
16 instances m which only exploratory operation 
was performed include patients m whom noxpul- 
monary artery was found, patients m whom the 
pulmonary pressure was abnormally high, and 
patients m whom the heart action was so poor that 
Dr Blalock was forced to close the chest even 
though the condition appeared to be amenable to 
surgery The eight cases (or 2 5 per cent) m which 
there was no improvement mdicate how seldom a 
thrombosis occurred at the site of the anastomosis 
The amount of the benefit denved from operation 
depends upon the size of vessel used for the anasto- 
mosis, the extent of the over-ndmg of the aorta, 
and the existence of other malformations in addition 
to a tetralogy of Fallot The beneficial effects of 
operation are measured by the changes m the blood, 
by the changes m the heart size, and by the mcrease 
m the exercise tolerance of the mdividual. The 
oxygen saturation of the artenal blood nses to 
between 75 and 90 per cent and the red blood cell 
count, the hemoglobm level, and the hematoent 
reading return to normal values 
The changes m the oxygen saturation of the 
arterial blood m four typical cases are shown in 
Table II The first column gives the pre-operative 
values, the second column shows the nse in the 
oxygen saturation approximately three weeks after 
operation, the subs^uent columns give the values 
at SIX months, one year, and two years after opera- 

the paper was read, Dr Blalock and his assis- 
^ts have operated on more than 250 additional patients 
win an operative mortality rate of less than 10 percent 


TABLE n 


The Percentaoe of Oxygen Saturation of the 
Akterial Blood before and after a Blalock- 
Taossiq Operation 



Name 

Before 

oper 

1 

1 After operation 

Immed 

6 mo 

1 yr 

2yr 

1 

R S 

1 

78 0 ; 

85 0 

869 

88 4 

88 4 

2 

J S 

65 8 

79 5 

840 

83 0 

68 0 

3 

H C 

65 9 

814 

82 0 

1 

83-0 

4 

M C 

20 6 

47 9 

j 

58 9 

1 590 

1 

640 


TABLE m 

Red Blood Cell Count in Miluqns and ELematocrtt 
Reading m Four Cases of a Tetralogy of Faujot 
before and after a Blalock-Taussig Operation 



Name 

Before 

oper 

After operation 

Immed. 

6 mo 

lyr 

2yr 


1 

1 

1 

Ped cell count 



1 

' R S 

' 64 i 

55 

1 55 

55 

55 

2 

; J s 

90 

69 

53 1 

50 I 

48 

3 

i H C 

10 5 

66 

55 1 


55 

4 

M C 

57 

52 

63 

63 

64 


i 

J 

1 

ffematoa 

rit 



1 

R S i 

59 

48 

42 1 

46 

47 

2 

J S 

71 

56 

44 

47 

41 

3 

H C 

86 

57 

48 


47 

4 

M C 

48 

43 

48 1 

47 

53 


Uon In Case 2 it wiU be noted that the oxygen 
saturation after two years had fallen Table III 
gives the red blood ceU counts and the hematocrit 
values on the correspondmg pauents at the corre- 
sponding tunes In these tables it is seen that m 
Case 2 the fall m the oxygen saturation was not 
accorapamed by a nse in the red blood cell count or 
m the hemoglobm level, therefore the lower oxygen 
saturation of the artenal blood was probably due 
to the fact that the child was crymg (not m a basal 
state) when the sample was taken As shown m 
these tables, in most instances after operation the 
oxygen saturation of the artenal blood nses to 
between 75 and 85 per cent and the red blood cell 
count, the level of the available hemoglobm and the 
hematocrit readmg return to normal values 
Case 4 is from the record of an infant, and as so 
frequently happens m spite of extreme anoxemia 
he did not have polycythemia In this mstance the 
oxygen saturation of the arterial blood has risen 
steadily but has not yet reached the optimum level 




INTERNATIONAL CONFERENCE 


and the red blood cell count and the hematocrit 
value have also risen It is to be hoped that when 
the oxygen saturation of the arterial blood reaches 
75 per cent, the red blood cell count and hematocrit 
reading will again decline 
In eveiy instance the above changes are accom- 
panied by a dramatic change in the patient’s physical 
condition The lips are usually of normal colour 
and although the fingernails may show a tinge of 
cyanosis, the clubbing slowly recedes, furthermore 
the patient’s exercise tolerance is greatly improved 
The ability of the heart to adjust to the operation 
is shown by the after course The degree of cardiac 
enlargement has vaned from patient to patient, and 
by and large it has varied with the size of the vessel 
anastomosed to the pulmonary artery In most 
instances, however, the heart has been able to adjust 
to the load and to maintain compensation Indeed, 
only 3 of the first 220 patients, operated on for pul- 
monary stenosis or atresia and discharged improved, 
have subsequently died of cardiac failure Two of 
these three were known not to have a tetralogy of 
Fallot because they both showed electrocardio- 
graphic evidence of a left axis deviation Two other 
patients have developed cardiac failure and, in 


addition, two children have shown radiological 
evidence of progressive cardiac enlargement That 
progressive cardiac enlargement and cardiac failure 
are the exception, not the rule, is shown by the fact 
that approximately 30 per cent of the patients have 
shown no change in the size of (he heart following 
operation, 30 per cent have shown an increase in 
size during the first three weeks after operation and 
thereafter have shown no further increase in heart 
size, and approximately 30 per cent have shown an 
increase in heart size between the time of discharge 
^and their return for the six months checkup and 
thereafter have shown no further cardiac enlarge- 
ment ' 

All patients are permitted full activity at the end 
of the third month after operation The extent of 
the improvement in the exercise tolerance has been 
tremendous We expect any child with a pulmonary 
stenosis or atresia to walk more than a mile after 
a successful operation Many a child three months 
after has walked six miles, and more than one 
twelve-year old boy who estimated his exercise 
tolerance before operation as three or four city 
blocks has been on a 10-mile hike withm the first 
six months after operation 


Surgical Treatment of Pulmonic Stenosis 
By Alfred Blalock, Baltimore, Maryland 


I wish to thank the members of the Section of 
Cardiology for the privilege of participating in this 
symposium 

Six years ago Dr Edwards A Park and I carried 
out expenments m an attempt to devise a treatment 
for coarctation of the aorta The thoracic aorta 
of the experimental animal was cut across, the two 
ends were closed and the subclavian artery was used 
to by-pass the pomt of occlusion Before this 
method was used m the treatment of coarctation m 
man, a better method was developed by Dr Crafoord 
of Stockholm his operation is the preferred pro- 
cedure but there are some instances m which it is 
necessary to employ the method which Dr Park and 
I descnbed 

In discussing the expenmental work on coarctation 
with Dr Helen Taussig, she suggested that I try 
to find a method for mcreasing the blood flow to 
the lungs in cyanotic patients with pulmonic stenosis 
As you know, the most common abnormality of 
this type is the tetralogy of Fallot This problem 
was investigated in the expenmental laboratory and 
I found that the cyanosis produced by an operative 
procedure which I shall not go into at this time 
could be partially alleviated by the creation of an, 
artificial ductus After the expenmental work was 


completed, the problem was returned to the clinic 
and work on patients was begun 
As Dr Taussig has said, the major difficulty in 
the tetralogy of Fallot is the pulmonic stenosis 
Fortunately the stenosis is usually hmited to a single 
point (pulmonary conus region), and the pulmonary 
artery distal to this point is usually a fair sized 
vessel Smce this is true, the pulmonary artery in 
most cases is suitable for anastomotic purposes 
I would like to review for a moment the anatomy 
of this region As you know, the arch of the aorta 
usually gives rise to the innominate artery, the left 
carotid artery, and the left subclavian arteiy 
When the aortic arch descends to the left, which is 
usually the case, the innominate anses on the nght 
side When the aortic arch descends to the right, 
which IS observed m one-fourth of our cyanotic 
patients, the innominate arises on the left I 
prefer to use the subclavian branch of the inno- 
minate for the anastomosis, and hence the position 
of the aorta should be determined pre-operatively 
This can be done with great accuracy by the use of 
the method of Bedford and Parkinson of London 
The incision is usually made on the side opposite 
that on which the aorta descends The operative 
procedure consists of anastomosmg a branch of the 
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aorta or the aorta itself (as recommended recently 
by Potts) to one of the two pulmonary arteries As 
you know, the pressure m the pulmonary artery is 
low, the pressure m the aorta and its branches is 
high, and a large quantity of blood will flow from the 
systemic to the pulmonary circuit after such an 
anastomosis is made The incision is made with 
the patient lymg on his back but with the side to be 
operated upon at a slightly higher level This 
leaves the opposite lung in good condition for 
carrying out respiratory functions during the 
operative procedure After the pleural cavity has 
been entered, the a 2 ygos vein is doubly ligated and 
divided The pulmonary artery is then exposed and 
It IS dissected ftee of the surrounding tissues The 
innominate with its branches is then exposed and m 
the usual operation the subclavian branch of the 
innommate is hgated distally It is occluded 
proximally with a bulldog clamp and is cut across 
proximal to the ligature The pulmonary artery 
is then occluded proximally with a special rubber- 
shod instrument and distally with a bulldog clamp, 
and a transverse opemng is made on its upper surface 
between the two points of occlusion Using fine 
non-absorbable suture raatenal an anastomosis is 
then made between the end of the subclavian and 
the side of the pulmonary artery The subclavian 
branch of the innommate makes a good angle with 
Its parent vessel and stenosis at the pomt of ongm 
IS not nearly so apt to occur as when the subclavian 
artery that anses directly from the aorta is used 

As stated previously, the end-to-side type of 
anastomosis is preferred In some instances, how- 
ever, It IS necessary to do an end-to-end anastomosis 
after havmg hgated and divided one of the pul- 
monary artenes One of the advantages of the end- 
to-side anastomosis is that it allows the shunted 
blood to go to both lungs 

The motion picture, a portion of which I wiU 
show now, illustrates the operation on a five-year-old 
boy who had a moderate degree of cyanosis His 
disability was fairly marked The anaesthetic agent 
in this case was cyclopropane with a high con- 
centration of oxygen The exposure of the right 
pulmonary artery is shown The pressure m the 
artery was measured by the use of a needle and a 
manometer In this patient the pressure was about 
200 mm of water (15 mm Hg ) which is about the 
average pressure that we have obtamcd m our cases 
If the pressure is higher than 375 mm of water, we 
hesitate to carry out the procedure 

You will note m the picture that there is no 
difficulty in this case m approximatmg the sub- 
clawan artery to the pulmonary artery Difficulty 
IS encountered m some of the older, Imger patients 
m approximating these vessels In some of these 


the incision is made on the opposite side and the 
subclavian branch of the aorta is used You will 
note that the transverse openmg m the upper surface 
of the pulmonary artery is shghtly larger than the 
end of the subclavian artery You will note also 
that the suture everts the intima of the vessels 

I now show you a picture of this boy 18 days 
after the operation You will observe that his 
cyanosis is much lessened It takes a longer period 
of time for the characteristic clubbing of the fingers 
to disappear More important, however, is the 
lessening or the disappearance of the disability 
Thus far some of the patients seem to be able to lead 
normal lives 

A few comments might be of mterest regardmg 
the various vascular anomahes we have found 
In the first 475 patients there were 121 m whom the 
aortic arch was on the right and m the majority of 
these there was an obhterated ductus which joined 
the subclavian branch of the innominate In at 
least 14 of these patients there was an anomaly m 
the position of the supenor or infenor vena cava or 
both , the number is probably considerably in 
excess of this In at least 5 the superior pulmonary 
vem entered the supenor vena cava In 15 patients 
or more there was rotation of the heart to the right 
Vanous other arterial and venous anomahes were 
encountered 

The mortahty rate has been high but not dis- 
couragmgly so When the last analysis was made, 
It was found that 474 patients who were thought 
pre-operatively to have the tetralogy of Fallot or 
one of its variations had been operated upon An 
end-to-side anastomosis between the subclavian 
artery and the pulmonary artery was performed m 
331 of these and among these there were 37 deaths, 
or 1 1 per cent Among the patients who succumbed 
m this group there were three vnth transposition 
of the aorta and the pulmonary artery and one with 
truncus artenosus Several of the deaths occurred 
a number of months following the operation 

An end-to-end anastomosis between a branph of 
the aorta and the divided distal end of one of the 
pulmonary artenes was performed m 23 cases with 
4 deaths An end-to-side anastomosis between 
one of the carotid artenes and a pulmonary artery 
was performed m 30 cases with 9 deaths An 
end-to-side anastomosis between the innominate 
artery and a pulmonary artery was earned out in 
47 cases with 13 deaths A side-to-side anasto- 
mosis between the aorta and one of the pulmonary 
artenes was performed m 2 cases with 1 death 
In 37 of the total number of cases only an ex- 
ploratory thoracotomy was performed, m most of 
these a pulmonary artery was not present or at least 
could not be found Among these patients who 
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had an exploratory thoracotomy without an 
anastomosis there were 18 deaths In the entiee 
total of 474 cases there were 86 deaths, a mortality 
of 18 per cent This includes all patients who have 
died, whether m hospital or after leavmg hospital, 
and whether or not an anastomosis was performed 

There has been no senous disturbance of the 
circulation of the arm, the subclavian of which was 
ligated, m any of the patients and the function of the 
arm is excellent There have been approximately 
400 such patients in whom the subclavian artery 
was hgated and divided 

The age of patients operated upon has vaned 


from two months to 44 years We consider the 
ideal age for operaUon to be from three to nine 
years All of the patients received penicillin 
There have been no instances of empyema or pen- 
carditis Hepann and dicumarol have been used 
very rarely 

In conclusion I would like to say that it is too 
early to evaluate the ultimate effects of this operative 
procedure smce it has been less than three years 
smce the first such operation was performed We 
can state that the results thus far are quite 
encouragmg. 


By J W Brown, Grimsby 


Ample justification for operation is found m the 
relatively bad prognosis of cyanotic congenital 
heart disease Observation of over 100 cases has 
shovm that many die before the age of three, and 
about a quarter of the cases survive the school age 
Most of the children can be educated if given the 
opportumty and they should always be taught to 
read and wnte Between 60 and 70 per cent of the 
cases fall mto the group of the tetralogy of Fallot 
where pulmonary stenosis is combmed with a large 
interventncular septal defect, an over-ndmg dextro 
posed aorta, and nght ventncular hypertrophy 

Cyanosis is present and depends upon the oxygen 
unsaturation of the blood and the polycythsemia, 
which in their turn are dependent upon the degree 
of pulmonaiy stenosis and upon the amount of the 
pulmonary blood supply Cyanosis may vary from 
day to day and deWtely with the season The 
factor of the over-ndmg aorta cannot be of enormous 
importance when the figures of oxygen saturation 
after operation are considered, but it is of importance 
m relation to paradoxical embolism and cerebral 
abscess In this senes thrombotic mcidents due to 
polycythsemia have not been frequent Commonly 
there is a basal systolic murmur and a clear second 
sound Absence of a murmur does not mvalidate 
diagnosis of the tetralogy 

Diagnosis is essentially radiological, and the 
picture of a small pulmonary artery with a concave 
pulmonary arc and absence of pulmonary conges- 
tion and of hilar pulsation are convincmg A nght 
aortic arch is frequently present, and acoeur-en-sabot 
may be seen m the older children The electro- 
cardiogram shows a nght axis, but abnonnahties 
of the ventncular complexes and conduction defects 
do not appear to be so common as m auncular 
septal defect 

There are other conditions that may be confused 
with the tetralogy Tncuspid atresia is distm- 
guished by the presence of a left axis m the electro- 


cardiogram, a pathognomomc findmg m a cyanotic 
case Transposition of the great vessels usually 
causes gross cardiac enlargement over a short penod 
of time, and survival is generally short There is a 
narrow vascular pedicle which broadens m the 
obhque view, for then the aorta comes chrectly m 
front of the pulmonary artery 

The evil prognostic signs are a nsmg red cell count, 
a high hematocnt readmg, syncopal attacks, and 
thrombosis Many of the cases exist rather than 
hve m the fullest sense 

The point before us is that operation is not a 
cure, but a physiological adjustment that allows 
a greater circiilation to the lungs through an 
artificially created ductus artenosus The subject 
stiU remams hable to the inherent risks of the 
patent ductus, and the mixed blood m his aorta is 
httle different from venous'blood The immediate 
results of operation are so beneficial to the patient 
that we must critically study every case of cyanotic 
heart disease so that those types of abnormality 
likely to be helped by operation may be recognized 
Where climcal and ordmary laboratory mvestigation 
fails to make a satisfactory diagnosis, some help 
may be had by mtracardiac catheterization and by 
angiocardiography 

Of the operation, one is entitled to ask at this 
stage whether the cahbre of the anastomosis created 
m infancy will mcrease pan passu with the growth 
of the child There might well be the risk of con- 
traction and ultimate obhteraUon at the suture Ime 
m the same way as the small ventncular septal 
defect of the maladie de Roger may spontaneously 
close by contraction of its fibrous margms We 
know too that m the cyanotic case a patent ductus 
fulfillmg an obviously physiological purpose m 
shuntmg blood between two pressure systems may 
quite suddenly close and bnng about the death of 
the patient, showmg that the mere fact of a shunt 
does not necessarily keep open an abnormal com- 
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munication The Potts operation of direct anasto- 
mosis between aorta and pulmonary artery may have 
somethmg to offer m allowmg the surgeon to 
determine the size of orifice that he may make 
If prognosis is to be the bisis on which surgical 
treatment of congemtal heart disease is to be founded, 
the time has come when this problem should be 
senously and collectively examined Our present 
ideas are based upon statistics that contain many 
neonatal cases Statistics depend upon the mterest 
shown by chnicians and pathologists, and naturally 
the highest mcidence of congenital heart disease is 
m children’s hospitals, rather thr^n the general 


hospital Only the interesting case is reported, and 
no account is taken of the hvmg because we tend to 
pubhsh only the case with post-mortem control 
As an example where is the adult with patent ductus 
artenosus? We certainly do not see him m our 
chmcs He has not been cured m childhood by 
the surgeon as yet Do we fail to recognize him 
when he IS m failure, or when he has infective 
endocarditis? He is not seen by the pathologist 
who perhaps practises section of the great vessels 
withm the pencardium Does the ductus after aU 
close spontaneously in adolescence or early adult 
life? 


Coarctation of the Aorta 


By C Crafoord, Stockholm 


First of all I want to say that I feel it as a great 
honour that I have been mvited to read this paper 
We have heard an excellent review by Dr Taussig 
and Dr Blalock of the work they have done on the 
treatment of the blue babies There are, however, 
two more congenital heart malformations that 
have been more closely studied than ever before 
because expenence has shown that by surgery these 
two can be completely cured — patent ductus and 
coarctation of the aorta I am gomg to deal with 
coarctation, which has been thoroughly studied m 
my hospital where the first operations for this 
disease were performed, and to give you only a 
resume of my results in patent ductus as this is 
going to be covered by the following speakers 

Coarctation of the aorta was first described by 
Morgagni in 1760 Wadstein in 1897 collected 
103 reported cases Maud Abbott (1931) descnbed 
among 1000 cases with congemtal cardiovascular 
defects 142 cases of coarctation, which mdicates that 
about 15 per cent of all congenital lesions in this 
group are coarctation 

The mcidence of the adult form of this mal- 
formation IS about 1 per 1 500-2000 when estimated 
from large post-mortem senes The juvenile form 
has no surgical interest as these cases die very early 
The adult form is usually confined to the area of the 
ductus arteriosus From the United States Pearl- 
man, when examining men between 18 to 35 years 
of age for army service found only 1 in about 
10,000 This discrepancy depends on the fact that 
by rapid clinical examination quite a number of 
coarctation cases are never detected Both climcal 
and post-mortem findings show that the incidence 
of this congenital lesion is much more common than 
MRS pre\iously believed and more common among 
men than among women Maud Abbott gives this 
proportion as 3 to 1 Among my 22 resected cases 
7 were females 


Other developmental disturbances may be com- 
bined with this form of coarctation the bifid aorbc 
cusp, estimated by Abbott to occur in 25 per cent 
of the cases, secondly hypoplasia of the aortic 
wall, according to Abbott in 10 per cent of cases, 
this IS naturally of surgical importance and must 
always be borne m mmd as a pronounced hypoplasia 
makes a resection and suture impossible to perform, 
thirdly patency of the ductus artenosus, and finally 
there is a smsdl group of cases m which the pomts 
of ongm of the great vessels leaving the aorta are 
abnormally situated, the coarctation itself may be of 
considerable length, and defects of the ventncular 
or atrial septum may be present Some of these 
are of importance m diagnosis because them 
existence may influence the decision to operate or 
not 

Early atherosclerosis in artenes proximal to the 
narrowed segment seems to be very common The 
oldest patient I have resected was 27 years of age 
and some have been around 20 m these cases we 
could find very slight or no atherosclerotic changes 

The prognosis regarding length of life is of special 
mterest Ask Upmark (1942) found that about 
25 per cent of all cases died before they reached 
20, 50 per cent before 40, and 90 per cent before 
50 years of age The commonest causes of death 
according to Abbott are m order of frequency 
congestive heart failure, rupture of the aorta or the 
heart, cerebral haemorrhage, and bactenal endo- 
carditis 


All my coarctation cases have been studied in the 
heart chnic of Prof Nyhn before operation, a 
collaboration that I consider to be of greatest 
importance Coarctation seems always to be 
accompamed by increased blood pressure above the 
level of the coarctation, and decreased pressure 
below It IS not known how early m infancy these 
changes in the blood pressure are present In 
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a 3-year-oId child reported by Bodlander (1946) the 
blood pressure was 130/60 which is to be considered 
as hypertension at this age, erosion of the ribs was 
seen in the radiographs 

We are of the opinion that a higher blood pressure 
in the legs than in the arms practically excludes 
coarctation In our material the blood pressure 
has been high in the arms and low in the legs in 
all patients In the two youngest, both children of 
11 years of age, we found systolic blood pressures 
ranging in the arms in one between 1 50 and 190, and 
in the other between 140 and 150 mm 

If hypertension is present, the possibility of 
coarctation should always be borne in mind The 
subjective symptoms resulting from the hyper- 
tension in the upper part of the body vary and may 
include general weakness, palpitation, vertigo, 
throbbing headache, and a feeling of heaviness in 
the head, and visual troubles 

The low blood pressure in the lower half of the 
body, which never occurs in hypertension from other 
causes, not infrequently produces vague or even 
quite pronounced symptoms suggestive of inter- 
mittent claudication, but may cause no symptoms at 
all 

The majority of patients seek medical advice 
because of one or more of the above symptoms 
The clinical findings on examination are mainly as 
follows 

1 By mspection and palpation abnormal pul- 
sation IS found, both in collaterals (most often in 
the axillffi, the supraspinous fossee, and close to the 
lower borders of one or more ribs), and also m 
dilated arteries in the neck and head, central to the 
stenosis, and finally absence of pulsations in the 
arteries m the legs 

2 By percussion and auscultation one finds 
hypertrophy of the heart mainly on the left and a 
harsh systohc murmur over the base of the heart 
also at the back especially in the mterscapular area 
to the left Probably the murmur onginates from 
collaterals and not from the stenoscd part of the 
aorta In one case of mine, m which the stenosis 
was complete, this systolic murmur was present 
before operation and vamshed afterwards, which 
shows that the murmur could not have been due to 
the stenosis itself A systohc murmur over large 
collaterals can also be heard and recorded phono- 
cardiographically 

3 Oscillographic findings This examination has 
been used with special interest m our hospital and 
has been carried out with a new apparatus designed 
by Dr Ejnip in the heart cbmc of Prof Nylin 
The recordings can be callibrated and are thus 
directly comparable at different examinations The 
auscultatory method is adequate in studying blood 


pressure changes in the arms, but in the legs it is 
often difficult to hear the sounds when auscultating 
in the popliteal fossie The oscillogram gives a 
clear and visible record of the blood pressure and 
pulsations in the legs even in coarctation cases, 
and IS of great interest because, as shown by Ejrup 
in 1945 and 1946, there is a special reaction to exer- 
cise If in a normal case an oscillogram is taken on 
the upper or the lower limbs after exercise, the blood 
pressure is higher and the pulsations are greater than 
in the oscillograms taken dunng the rest 

In organic obstruction of the arteries and in 
coarctation an “ inverse reaction ” with a dimimshed 
blood pressure and a decrease of pulsations appears 
after exercise This reaction has been found in 
patients with thrombo-angiitis obliterans, severe 
arteriosclerosis, and artenal embolism It is not 
influenced by the presence or absence of inter- 
mittent claudication In obstruction of the arteries 
of the lower extremities intermittent claudication 
will sooner or later develop if the exercise is great 
enough, but the abnormality is shown by osciUo- 
graphy long before clinical symptoms appear 

In coarctation cases at rest the oscillographic 
tracings show big pulsations and an elevated blood 
pressure in the arms and small pulsations and low 
blood pressure in the legs After work test the 
tracings show further increase of the pulsations and 
the blood pressure in the arms but in the legs a 
paradoxical or pathological reaction is demonstrated 
by either a decrease of the blood pressure and the 
pulsations qr absence of increase m blood pressure 
compared with the tracings at rest 

4 X-ray examination We have found (A) and 
(B) constant findmgs, (Q, (D), and (E) inconstant 
findings 

(A) Widenmg of the left subclavian artery which 
shows up as an S-curved outline to the left of the 
superior mediastinum, an impression on the 
oesophagus, and an indentation to the left in the 
posterior mediastmum 

(B) Dislocation and shortness of the aortic arch 
with absence of the aortic knuckle 

These constant findings are easy to understand 
A frontal section from a frozen body in the post- 
mortem room makes it easy to understand that a 
dilatation of this left subclavian artery will produce 
a convex shadow against air-containing lung and an 
impression on the oesophagus 

The indentation we believe is most often formed 
between the entrance of the subclavian artery in the 
aorta and the aortic wall above the coarctation, and 
not due to the constncted area itself The dense 
fibrous tissue which can be dissected when the 
aorta is freed at operation often gives by itself such 
a shadow that the actual coarctation is difficult to 
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see as an indentation in the X-ray film I have, 
however, a picture that shows two different indenta- 
tions one cranial formed by the subclavian artery 
and the aorta, and one caudal due to the coarctation 
itself 

(Q Erosions of the ribs 

(D) Enlargement of the left ventricle and in- 
creased curve to the right of the ascending aorta 

(E) Enlargement of the left auricle 

In expenmental studies on dogs in 1935-^, 
I demonstrated that the flow of blood to all the 
organs could remain suspended for as long as 25 
minutes without there being any subsequent signs 
of organic damage, provided an adequate flow to 
the brain was secured This circulation to the 
brain was maintained by creating anastomosis 
between the carotid and jugular vessels m a dog of 
the same size lymg beside it On the strength of 
this observation I took, in certain patients with a 
patent ductus, the risk of placmg clamp forceps on 
the aorta above and below the point of entry of the 
duct, leavmg them in place during the time necessary 
to divide the duct and suture the aorta In one 
of the patients this part of the operation took no 
less than 27 mmutes I was forced to it because 
an attempted ligature cut the ductus completely 
with bleeduig somewhat difficult to control In 
spite of this no noticeable disturbances were 
observed 

Because of repeated experiences of clamping of 
the aorta m cases suitable for division of the ductus 
I began in 1943 to discuss whether it might not be 
possible to treat congemtal coarctation of the aortic 
isthmus by resection 

In the light of the results obtained in the expen- 
ments and of the clinical expenences it seemed that 
in patients with congenital isthmus stenosis, who 
already possessed a well-developed collateral system 
between the large arteries arising central to the 
coarctation and the arteries in the lower half of the 
body, the aorta could be kept closed for considerably 
longer than 27 minutes without danger to the patient 

As far as I had been able to ascertain at that time 
the only other investigator who had considered the 
possibility of relieving coarctation surgically was 
Blalock, who, however, attacked the problem from 
a different standpoint, having considered some form 
of anastomosing operation or plastic reconstruction 
as the only way of improving the circulation peri- 
pheral to the stneture 

I, therefore, decided that the bad prognosis of 
aortic coarctation was a sufficient justification for 
attempting surgical treatment which was tried for 
the first time on two cases m October, 1944 

Resection of the constricted part of the aorta w'as 


carried out and the aorta was sutured end to end 
With oiled silk with a technique similar to the one 
described by Carrell Both cases healed and normal 
blood pressure conditions were re-estabhshed 

Until the end of July, 1947, 22 cases have been 
resected with 2 deaths, one due to hsemorrhage 
from a divided intercostal artery from cutting 
through of the central hgature, and one (about a 
month after the operation) due to formation of a 
false dissecting aneurysm' from insufficiency of the 
aortic suture Three more cases have been explored 
without any attempt at resection In one the con- 
striction of the aorta extended from the origin of 
the innominate artery to well below the left sub- 
clavian artery In the second the aortic wall was 
extremely thin and hypoplastic In the third, the 
oldest in my series, aged 35 years, there was extensive 
atherosclerosis The two first mentioned of these 
cases died of post-operative complications The 
first had bilateral pneumonia, msensitive to peni- 
cilhn and sulphonamides , he had been treated for 
months before operation with a combmation of 
penicillin up to a milhon unites a day and sulpha- 
compounds because of bacterial endocarditis and 
with heahng of this complication The second died 
from extensive uncontrollable oozing from the 
wound, and into the pleural cavity, he had been 
operated on many years before for appendicitis, 
that time also with severe after-bleedmg from the 
wound The third of these patients healed without 
complications 

Despite this experience I would like to stress that 
an ordmary exploratory thoracotomy cannot be 
considered more dangerous than an exploratory 
laparotomy and is certainly justified m a great 
vanety of cases and also in order to determme 
whether or not resection can be performed in those 
cases of coarctation that are deemed suitable for 
operation 

Methods of investigations taken up since a year 
ago, which we hope will dimimsh the number of 
explorations m coarctation cases, are cardio- 
angiography and heart catheterization 

By the latter method all sorts of shunts such as 
ventricular or atnal defects or patent ductus can be 
diagnosed by takmg blood samples simultaneously 
from different parts of the heart and a peripheral 
artery Cardio-angiography I believe will be of 
utmost importance By this method the site and 
the extent of the constriction can be determined and 
unnecessary explorations can be avoided, it also 
makes it possible to study the anatomical result of the 
operation 

We mtend now if possible to take cardio-angio- 
grams as a routine after our operations In 5 of 6 
cases we have found normal conditions In the 
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sixth there was a small vague rounded shadow close 
to the aorta at the calculated site of the anastomoses 
mdicatmg the possibihty of formation of a small 
aneurysm at this pomt This case will be subjected 
to further cardio-angiograms m order to see what 
happens Clmically he is in very good condition 
As mentioned we have now resected the aorta in 
22 patients Two of these died The 20 survivmg 
have healed without or with mmor post-operative 
comphcations of no importance to the subsequent 
course They have all been followed up m all the 
subjective symptoms that the patients had before 
the operation have vanished 
In most cases the blood pressure in the arms has 
returned to low normal values In a few it is still 
at or shghtly above the normal upper limits In 
all cases the blood pressure in the legs has been 
elevated — in some up to 10-20 mm higher than 
in the arms which is to be considered as normal in 
the others up to the same or shghtlv below the blood 
pressure m the arms All the blood pressure read- 
ings I am now discussmg are at rest 
In aU cases the osaUograms from the lower hmbs 
after work have gone back to normal showing much 
mcreased oscillations and an mcreasmg blood pres- 
sure mstead of the pathological or paradoxical 
reaction before operation 

Cardiac tolerance tests as used by Nyhn have 
been made m all cases In some before operation 
this test has mdicated a certain amount of cardiac 
msufBciency after work In all when these tests 
were repeated after operation a normal function 
was found This correlates with our finding that 
the cardiac volume has returned to normal m all 
cases with pathological findmgs m that respect before 
operation In some cases m which the heart volume 
has been withm calculated normal values we have, 
however, also found a diminution after operation 

Patent Ductus Arteriosus 

I want to give a bnef r&um6 of my results m 
101 operations for patent ductus I have done 
double ligature with injection of 50 per cent glucose 
solution as a sclerosmg agent between the hgature 
m 69 of the cases, and m the remaimng 32 I have 
divided the ductus In most of these I have done 
a clean artenal suture of the wound both m the 
aorta and the pulmonary artery 

All the cases have been correctly diagnosed and 
there was no discussion of the certainty of the diag- 
nosis All had the typical contmuous murmur with 
typical locahzation which could be demonstrated by 
auscultation and verified by phono-cardiographic 
registration 

In all surviving cases this murmur disappeared 
and has not reappeared m any case 


I have divided the 101 cases into 95 non-infected 
cases and 6 cases with infection of the ductus and 
septicaemia 

In the first group 2 cases died The first could 
have been avoided Everythmg was quite normal 
until the catheter was passed through the intra- 
tracheal tube for post-operative aspiration It 
was not observed that the suction catheter practically 
filled the whole lumen of the small mtratracheal tube, 
and m consequence the endobronchial pressure was 
rendered highly negative The same eBect was 
produced as was descnbed m this country from the 
effect of the negative pressure wave m blast iiyuries 
There was a sudden heart stop The wound was 
immediately reojjened and the heart action revived 
by direct heart massage The time of complete 
heart arrest was, however, too long, about 5 mmutes, 
and the patient died about 48 hours later from the 
result of severe cerebral anoxaemia 

In the second case there was a very marked 
hypoplasia of the aortic wall around the ductus 
Hus was not observed before the ductus was divided 
after clamping of the aorta above and below 
Because of the hypoplasia of the aortic wall it was 
extremely difficult to obtam a suturehne without 
leak and the aorta had to be clamped for a little 
more than 45 minutes In this case post-operative 
anoxaeimc damage of the spinal cord developed 
Because of this and other comphcations the patient 
died three weeks after operation 

This gives a mortahty of just over 2 per cent in 
this group, v/ith complete healing without recur- 
rences m the survivmg cases 

In the second group of 6 cases 5 healed with no 
comphcations and 1 died This was the first m the 
group before we had pemcilhn available in Sweden 
With only sulpha-drugs it was impossible to get 
negative blood cultures, which we have been able 
to obtam m the rest of the cases before operation 
This fatal case seemed to heal quite all nght m the 
beginnmg She left hospital about 6 weeks after 
operation with negative blood cultures, normal 
temperature and only shghtly elevated sedimentation 
rate However, she came back to hospital a couple 
of months afterwards with all clmical signs of a 
recurrence of her septicaemia and also a recurrence 
of her ductus arteriosus It was difficult to declare 
how this recurrence might have occurred as this 
patient was treated with complete division of the 
ductus and sutunng of both the aorta and the pul- 
monary artery I beheve that an mfecfed bxma- 
toma must have formed between the pulmonaiy 
artery and the aorta and that this hiematoma 
secondanly must have broken mto both the pul- 
monary artery and the aorta The patient was 
submitted to a re-operation at which was found a 
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big false anevirysm between the aorta and the 
pulmonary artery with communication between 
the aneurysm and both the big vessels An attempt 
was made to resect the aneurysm and to close the 
aorta and the pulmonary artery This was, how- 


ever, techmcally impossible to perform After a 
partial resection of the aneurysm this was sutured 
and the chest wound closed The patient died 
shortly after the operation was fimshed 


Patent Ductus Arteriosus 
By Rae GrLCHRisT, Edinburgh 


Notable contnbutions have been made to this 
subject m recent years I shall confine my remarks 
to the diagnosis of the patent ductus and the results 
of surgical occlusion Nearly 70 cases have been 
under observation and I am greatly mdebted to my 
surgical colleagues, Sir John Fraser and Mr Walter 
Mercer, who have kmdly placed their operative 
notes at my disposal 

In diagnosis the hallmark is the contmuous 
murmur described by Gibson, heard best below the 
inner end of the left clavicle and almost mvanably 
accompamed by an accentuated second pulmonary 
sound. Difficulties anse m infancy before the 
murmur has developed its full cxmtmuous quahty, 
and also in later hfe, when, m the presence of 
congestive heart failure, it may at times be mauchble 
so that the lesion escapes chmcal recogmtion By 
the toe school age is reached the murmur has 
usuaOy developed its distmctive continuous quahty 
When the channel is large, the ductus of wide bore, 

1 cm or more in chameter, the leak from the aorta 
to the pulmonary artery is considerable The 
physical signs ^ then well marked, the murmur 
loud and roaring, with a thnil coarse and wide- 
spread The heart is larger than when the murmur 
IS less intense and an isolated findmg On cardio- 
scopy a fast, vigorous over-active heart with an 
mcreased and flicking type of pulsation m the aorta 
and pulmonary artery is very characteristic In 
my expenence the dilated left auncle and a hilar- 
dance in the smaller vessels of the lung roots are 
exceptional They do not occur in the average case, 
but only when the ductus is of wide bore On the 
other hand, m the pulmonary artery itself the 
^gorous, forceful pulsation — what we call m 
Edmbui^ a Highland flmg — is very characteristic 
Bohn’s exercise test m our hands has not come up 
to expectations When the physical signs are 
doubtful m a child, that is before the Gibson murmur 
has developed, the response of the blood pressure 
0 exercise has seldom been of help m reachmg a 
dia^osis In the majonty of children the electro- 
cardiogram is of normal form After the age of 10 
J’care the proportion of patients who show a minor 
Krade of left axis deviation tends steadily to increase 
F 


In diagnosis it is important to correlate any 
general septicrenuc signs with the local evidence of a 
patent ductus, as this at once gives the clue to a 
bacterial infection restricted at its onset to the 
pulmonary artery in the immediate neighbourhood 
of the mouth of the ductus In the diagnosis of the 
infected case there is a triad of signs that make a 
characteristic clmical picture (1) local evidence of 
a patent ductus, often overwhelmed by the more 
dramatic and flond features of (2) a generalized 
septicremia and later as the local vegetative process 
advances m the pulmonary artery, and (3) multiple 
lung infarcts It is, of course, desirable to make the 
diagnosis of endarteritis of the pulmonary artery 
before infarcts, systemic or pulmonary, occur 
Early hgation should be urged 
With the increasing expenence of the past seven 
years I have httle hesitation m expressmg the view 
that on the recognition of a patent ductus m childi 
hood, surgical closure should be recommended 
with few exceptions The results obtained by 
closiure of the channel are very good As the 
ductus may on occasions close spontaneously 
surgery can be withheld, if the physical signs are not 
advanced and the heart unembarrassed, perhaps 
until the age of 7 or 8 After this age if the ductus 
remams patent the child should be sent to the 
thoracic surgeon, preferably before the age of 10 is 
reached If the signs are gross, nutation impaired, 
and the child obviously handicapped, closure of the 
ductus should be undertaken earlier, even by the 
age of 3 or 4 years After the age of 10 the surgical 
technique is a tnfle more hazardous and the structure 
less resihent and the late Mr Tudor Edwards 
showed that the mortaUty rate for mtra-thoracic 
mterference mcreased with each decade In my 
exjjenence the age penod 7 to 10 years is for choice 
the most suitable tune to recommend hgation 
When recognized first about the age of 20 to 30 
there is less justification for recommending surgery 
If the general state of health is satisfactory, the 
response to effort good, and the heart not enlarged, 
then the ductus must impose no more than a tnflmg 
burden on the circulation In these circumstances 
I doubt the wisdom of recommending a major 



INTERNATIONAL CONFERENCE 


surgical procedure The development of a fever, 
or any septicsemic signs demands prompt action and 
every care should be taken to reduce the risk of a 
Streptococcus vmdans infection so commonly 
derived from oral or dental infection It is im- 
portant, for instance, to recommend the administra- 
tion of sulphonamides over the penod of dental 
extractions if the risks of septicasmia are to be 
avoided in those known to harbour this and other 
congenital cardiac defects 
In the -immediate post-operative care of these 
patients measure to reduce the tendency to massive 
pulmonary collapse are important A pleural 
effusion should be tapped even within 24 or 48 hours 
of operation Respiratory exercises should be 
commenced at the first opportunity In fact it is 
useful to have the child taught the appropriate 
exercises in the days before surgery is undertaken 
The results we have obtained in Edmburgh have 
been very satisfactory It is seven years since the 
first ligation was undertaken Deaths have occurred 
from massive pulmonary collapse in two infected 
cases and also from mediastmal infection (before 
petucillm was available) in one case and from 
hasmorrhage in another With the exception of 
three patients in whom recanalization occurred the 
remainder have all obtained staking benefit, more 


than sufficient to compensate for the bitter dis- 
appointments of our earlier experience 
Perhaps one or two case records are more in- 
structive than a statistical analysis All the patients 
improved in physical fitness and general nutrition 
A decrease m the size of the heart and an improved 
psychological outlook are the rule A boy, attend- 
ing a special school for crippled cardiacs had his 
ductus hgated 3 years ago, he now plays Rugby 
football Only eight months ago a boy of 13 had 
his ductus ligated last week his mother sent me his 
headmaster’s report for the term “ He is an entirely 
different boy since his operation His thrust and 
responsiveness are much more positive and sustained 
We have seen this at his cricket and at his work 
He has lost his diffidence ” One other exceptional 
patient is worthy of mention, as five years have 
elapsed since this boy’s ductus was ligated at the 
age of 1 3 within two years he gained 43 lb in weight 
and grew 8 inches in stature Since then he has 
been accepted as A1 for the Army, and has won a 
regimental boxing competition, does a 15-mile 
cross-country run twice a week, and clauns to have 
done 100 yards m 10 seconds Surgery can save 
hves from invalidism and prevent premature death 
from infection Closure of the ductus is a most 
notable advance m cardiac therapeutics 


By Holmes Sellors, London 


I am confining my remarks to patent ductus 
arteriosus, the only form of congenital heart disease 
with which I have had much expenence Previous 
speakers have stressed most of the clinical and 
therapeutic aspects of the condition, and I want to 
speak of some of the most unusual features At 
the outset I would like to stress the view that it 
should be regarded as a condition requinng surgery 
unless there are obvious contraindications Even 
though it IS less than ten years smce the first ductus 
was tied, the mimmal risk of operation m practised 
hands far outweighs the nsi« that the patient 
undergoes from being left alone I have been most 
impressed by the results, even m patients who had 
practically no symptoms Chddren develop quickly 
physically and mentally, and young adults are most 
emphatic in stating how well they feel after the 
arteno-venous shunt has been relieved 

In all I have now operated on 46 patients with this 
lesion, with one death Ten of these patients had 
infective endocarditis, and 5 were hgated m the 
active phase of the disease Smce the use of pem- 
cillin, we have tended to wait until the infection has 
been well controlled, and to tie the ductus some 
weeks later 

Another 10 patients were showmg signs of 


embarrassment with dyspnoea, considerable enlarge- 
ment of the heart, and subjective symptoms 

Of the remauung 24 about half complained of 
some disabihty or hmitation of activities that was 
cured by ligation of the ductus The others, mamly 
young children, were virtually symptomless 

The diagnosis depends on a combination of the 
classical murmur, the low diastolic pressure, and 
radiography, and it is fair to say that the murmur 
occupies most attention In our 46 cases the 
murmur and thrill could be regarded as typical m 35 
But there were two patients in whom no murmur 
was heard until mfective endocarditis developed — 
one of these had been fully mvestigated some months 
previously, and the evidence for previous absence 
in the other case was quite strong In other words, 
a thrill or murmur can be absent with a patent 
ductus 

Next there was a group of 9 cases m which the 
murmur was atypical In 5 mstances a harsh 
systohc sound only could be detected, and in the 
remauung 4 the lesion was probably comphcated 
The diagnosis had to be based on other factors, but 
m each patient the patent ductus was recognized 
and occluded This bangs me to an important 
point m the observation and behaviour of the 
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murmur at operation In all cases we have used a 
stethoscope directly on the heart to establish the 
point of maxium intensity which ordinarily hes 
3 5 cm below the actual ductus on the conus 
Normally when the ductus is compressed the murmur 
and palpable thrill disappear, but there have been a 
number of cases m which sounds still persisted A 
coarse systolic bruit that disappears in several weeks 
is fairly common, but there were 4 cases m which 
the thrill and murmur altered in character and 
position but still persisted If we had only recog- 
nized this after operation, the possibihty of re- 
canalization or failure to close the ductus would 
have been considered In these unusual cases 
complete closure of the ductus was confirmed and 
additional dissection to exclude other channels was 
earned out ^ One of these patients constituted our 
only fatality the diagnosis before operation was 
recorded as a persistent ductus plus a patent 
auricular septum The residual murmur, which 
was that of the patent septum, was heard, and the 
septum was demonstrated at autopsy The cause 
of death was an unrecognized low degree of 
hiemophilia which led to contmued pleural haemor- 
rhage m spite of the use of anticoagulants and 
massive blood transfusions I have emphasized 
this, because I feel that additional lesions can easily 
be overlooked, and that our knowledge of the 
causation of both thrill and murmur is incomplete 
On occasions an accidental pressure or kinking of the 
pulmonary artery has produced unusual sounds, 
and even mediastinal displacement can add to the 
confusion There is also the effects of air or traces 
of blood in the pericardium to be considered if this 
sac IS nicked during operation 
One cannot exclude the possibility of recanaliza- 
tion if simple ligature is used I have employed no 
other method in the series, and am left with two 
cases whiph would in many ways serve as examples, 
both' were originally mfecUve cases in which the 
murmur persisted in an altered character, both are 


chnically in excellent condition, and m one the 
diastohc pressure is at normal level, the other 
maintained a low diastohc all through, even directly 
after the ductus was tied 

The question of blood pressure has been fully 
studied, and m chddren under 14 years the average 
figure was 106/44 mm before operation and 104/71 
some time after In adults an average reading of 
123/56 went to 128/81, giving a rise m the diastohc 
level of 25 mm At the moment of ligature the 
pressures sometimes rise appreciably and a typical 
reading was 100/40 before operation, 130/110 
immediately after ligature, persisting for 10 to 14 
days to stabilize at 96/70 This rise in blood 
pressure occasionally coincides with a very rapid 
post-operative pulse rate lasting for a week to a 
fortni^t and not due to any difficulty in lung 
expansion 

The final point I would make is concerned with 
the radiographic appearances On screening the 
dilated conus and the free active pulsation in the 
lung root may be recognized, and we have found 
considerable value in kymography, where we have 
noted an erratic notchmg over the conus in a 
proportion of cases I am not certain, but feel 
that this IS almost diagnostic, and it has been of 
help m doubtful cases 

Of other abnormalities that have been encountered 
at operation, there has been a stricture of the left 
pulmonary artery, and a large vem resembhng a left 
superior vena cava in size and position which in 
part entered lung substance 

These points I have brought forward to suggest 
that diagnosis is not always simple, and that there 
are an appreciable number of additional com- 
plications that may be encountered Surgery, apart 
from Its therapeutic value, has afforded some light 
on the pathology of the living, and has certainly led 
to some doubt as to the reliabihty of interpretation 
of classical physical signs 


Bv O S Tubbs, London 


1 wish to congratulate Dr Taussig, Dr Blalock, 
and Dr Crafoord on their remarkable work My 
expencnce is limited to 33 patients operated upon 
with the diagnosis of patent ductus, and my com- 
ments are based on this senes 
In 32 of these 33 cases, the diagnosis of patency 
of the ductus proied correct at operation An 
additional lesion was almost certainly present in 
two, in the rest, the ductus appeared to be the only 
abnormality A Gibson murmur was present in all 
the cases except m one child of 8 in whom the 


murmur was confined to systole, the lumen of the 
ductus in this latter case proved extremely small 
With regard to the X-ray findings, prominence of 
the pulmonary artery below the aortic knuckle 
should not be expected in every case, as it was 
sometimes completely absent The sex incidence 
in the senes showed the expected preponderance of 
females (22 females and 10 males) 

Indications and optimum time for operation 
Starting in 1939 with an infected case, my expenence 
was for a long time confined to those with infection. 
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but It IS now thought that all cases m which a patent 
ductus IS diagnosed as the sole lesion, should be 
treated surgically at about the age of 7, unless there 
are special indications to operate earlier Sub- 
sequent to the age of 7, secondary changes and 
complications, including infection are liable to occur 
in the untreated case, so that operation should not 
be delayed much beyond this age 
With regard to an upper age limit, the operation 
does not become more hazardous after the age of 
20 There had been 12 patients over the age of 
20 with 2 deaths, and 20 patients under 20 with 
3 deaths, all the deaths being in infected cases 
The higher mortahty in the presence of infection, 
1 e 5 deaths in 12 cases (40 per cent) had been the 
general experience before penicillm became available 
This raises the question as to the place of operation 
m the mfected case at the present time The 
dramatic reduction m fever and rapid removal of 
bactena from the blood stream in such patients is 
well recognized, but although many patients pro- 
gress to complete recovery, the mortality is 
considerable On these grounds a full course of 
penicilhn should be given, and this should be 
followed by operatjon to prevent recurrence In 
the pemcillin-resistent case the ductus should be 
closed as soon as the diagnosis had been made 
Evidence of systemic embolism in addition to 
pulmonary infarction is not a contraindication to 
operation as, although the chance of cure is much 
less when systemic embohsm has become apparent, 
recovery does sometimes follow 

Cyclopropane had been used as the anaesthetic 
agent m earlier cases, but ether was now preferred. 


with curare to dimmish the respiratory excursion, 
as this was less likely to produce cardiac irregu- 
larities With regard to the operation, the postenor 
approach through the fourth intercostal space was 
much preferred to the anterior inasion, as the 
cosmetic result was better, and, far more important. 
It gave a wider exposure so that it would be possible 
to deal with any accident that might occur 

The best method of closmg the ductus remamed 
a subject for discussion as the inadence of re- 
canalization following the various techniques was 
still argued The criterion on which recanalization 
could be diagnosed was also not fully agreed 
although most workers considered a diastohc mur- 
mur as mdicative of a leak The short ductus of 
large calibre was the type most likely to recanalize 
followmg simple hgature, and on these grounds it 
was probably preferable to divide such cases and 
suture the two ends 

The changes consequent to closure of the ductus 
were mentioned, including the immediate nse of 
diastohc blood pressure, the abohUon of the thnll 
m the pulmonary artery and of the diastohc murmur, 
and the rapid reduction m the size of the heart, and 
m the prommence of the pulmonary artery and its 
branches m the lung field 

Comphcations were rare Tachycardia was com- 
monly seen m the first week or ten days after 
operation, but proved of httle consequence 
Massive collapse of the left lung or left lower lobe 
had been seen, but this had not caused senous 
disturbance Fluid collection m the pleural sac 
was occasionally sufficient to require aspiration 


Coarctation of the Aorta 
Bv Crichton Bramweix, Manchester 


Sufficient tune has not yet elapsed smee the 
introduction of this operation to enable one to tell 
how much it would add to the span of life, but there 
is good reason to be optimistic 

In his own senes of 36 cases of coarctation, 13 
were over 30 years of age at the time they first came 
under observation His 3 oldest patients were 
dead, but all hved to over fifty, and 2 died of con- 
ditions unassociated with their coarctation, one of 
caremoma of the stomach and the other of lobar 
pneumoma Of the other 10 patients over thirty, 
9 were still hvmg and many of these were capable 
of undertakmg strenuous physical exertion without 
any apparent disabdity The third decade seemed 
to be the most dangerous, for many patients were 
free from symptoms and, bemg men of good 
muscular development, were hable to be subjected 


to severe physical stram , while m the case of women, 
their first confinement might prove fatal There 
seemed to be a fair chance that those who survived 
the hazards of the third decade might five another 
twenty years Should these older patients be 
operated on, or should we consider that havmg come 
safely through the dangerous period from twenty 
to thirty imphed that their coarctation was sufficiently 
well compensated to make then further outlook 
more favourable? Perhaps my patients may have 
been particularly fortunate, smee m Maud Abbott’s 
senes there were 23 per cent of deaths m the fourth 
decade 

The sex mcidence is difficult to explam Women 
with coarctation are less likely to break down 
because apart from confinement, they are not 
subject to the same physical stram as men, and 
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hence they may never be medically exammed 
This, however, cannot be the whole explanation for 
even m Maud Abbott’s series, which was based on 
post-mortem statistics, the number of males was 
twice as great as the number of females Necropsies, 
however, were more frequently performed on males 
Regardmg cardiac enlargement my expenence 
differs from Dr Crafoord’s In only 4 of my 36 
cases was the heart much enlarged, and m all four 
there was some additional lesion that would account 
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for the enlargement three had aortic mcompetence 
and one a freely patent ductus 

Maurice Campbell spoke of the gradual rise of 
blood pressure observed directly m some cases and 
deduced from analysis of all reported cases {Brit 
Heart J, 1947, 9,203) 

S Suzman descnbed a method by which the 
collateral circulation m the back could be demon- 
strated or mcreased {Brit Heart J , 1947, 9, 187) 



80 


INTERNATIONAL CONFERENCE 


PULMONARY HEART DISEASE 
ACUTE AND CHRONIC 


September 10, 1947, morning Joint Meeting with Section of Diseases of the Chest 


By J McMichael, London 


Heart failure from primary disorder of the lungs 
may be classified as follows 

Acute Pulmonary embolism 
Subacute Miliafy carcinoma 
Chronic (1) Primary pulmonary hypertension 

(2) Secondary to lung disease 

Emphysema (Bronchitis, Bron- 
chiectasis, Cystic disease) 

Pneumoconiosis (Silicosis, Ao- 
thraco-sihcosis) 

Pulmonary fibrosis (Fibroid tuber- 
culosis, Scleroderma) 

(3) Kyphoscoliosis 

Acute pulmonary embolism Recognized by cir- 
culatory collapse, raised venous pressure, electro- 
cardiographic and other signs of nght heart strain 
Chrome cor pulmonale Commonest cause js 
emphysema Capacity of lung vessels in health JS 
approximately 800 ml and this volume is mainly 
in the capillaries Obliteration of half the vascular 
bed in the lungs by ligation of left pulmonary artery 
produces no rise of pulmonary artery pressure 
Best measurement of anatomical lung damage is 
percentage of residual air in total lung volume 
Normal average 28, range 16-40 per cent, anything 
over 60 denotes severe emphysema Optical records 
of systohe nght ventncular pressure also measure 
pulmonary artery systolic pressure Normal range 
18-30 mm Hg In emphysema without heart 
failure this pressure is often raised, but there is no 
correlation between residual air percentage and 
degree of pulmonary hypertension It is therefore 
unlikely that anatomical damage to lungs is itself 
directly responsible for pulmonary hypertension 
In heart failure from emphysema cardiac output 
is normal or above normal except when blood 
pressure falls terminally 

High output failure This group includes (1) sub- 
jects with circulatory shunts which are parasitic 
on normal circulation (artenovenous aneurysms. 


Paget’s disease of bone), (2) conditions demanding 
an exc^sively rapid circulation due to deficiency 
of available oxygen (ansmia, cor pulmonale), 
(3) beri-beri The rapid circulation is achieved by 
a rise in venous pressure, even though oedema also 
appears 

Cluneal Features General dusky cyanosis, warm 
hands, and good penpheral pulse (Contrast cold 
blue hands and ears of low output failure resultmg 
from hypertension, valvular and ischaemic heart 
disease ) Often an exacerbation of chronic bron- 
chitis, in absence of this, orthopnoea stnkmgly 
absent Auncular fibrillation unusual Terminally 
pulmonary oedema often present RadiologicalJy 
enlargement of pulmonary artery Electrocardio- 
graphic signs of right heart stress 

Treatment Oxygen tent and penicillm aerosol 
inhalation Venesection lowers cardiac output 
Digoxin usually does the same, and both procedures 
may be harmful 

Some clinical varieties (1) Acute circulatory 
collapse from valvular pneumothorax or large bulla, 
due to loss of negative intrathoracic pressure and 
defective fillmg of the heart with resulting fall 
in output (2) Miliary carcinomatosis Oxygen 
saturation of artenal blood falls, cardiac output 
rises, often ivith nse in venous pressure (3) 
Pnmary pulmonary hypertension occurs with no 
disease in lungs other than increased vascular 
resistance (4) Scleroderma may be associated 
with fibroid changes in the lungs and nght heart 
strain (5) Kj^ihoscohosis Cor pulmonale a well 
recognized termmal event in such patients 

Lung vessels are sensitive to falhng oxygen tension 
which causes vaso-constnction of pulmonary 
arterioles (Coumand, Von Euler and Liljestrand) 
Defective ventilation causes closure of the pul- 
monary circulation in atelectatic and pneumonic 
lobes This reaction may also produce pulmonary 
hypertension in emphysematous, fibrotic, and 
mihary carcinomatous lungs 
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La Pression Ventriculaire Droite Moyenne (P V D M ) Dans Certaines 
Affections Broncho-pulmonaires Chroniques 


Par J Lenegre et P Maurice, Pans 


Uhypertension dans la circulaUon artenelle 
pulmonairc est consid€ree depuis longtemps comme 
un des pnncipauA facteurs qui exphquent I’dvoluuon 
possible de certaines affections broncho-pulmonaires 
chroniques vers I’lnsuffisance ventnculaire droite 
Mais cette conception, quoique basee sur des argu- 
ments cliniques, radiologiques, electnques et ana- 
tomiques, e-tait seulement jusque dans ces demieres 
annfes une hypothfese plausible, puisque les m6decins 
itaient incapables de mesurer chez Fhomme la 
pression dans la petite circulation 
Depuis SIX ou sept ans, des recherches poursuivics 
aux Etats-Unis, en France et en Angleterre, ont 
permis de mesurer chez I’homme la pression qui 
rfegne dans les cavit^s droites du cosur et meme 
dans I’art^re pulmonaire 

En 1941, Richards et al, de New-York, les 
premiers k notre connaissance, puis en 1944, 
McMichael et Scharpey-Schafer, de Londres, font 
connaitre les chiffres de la pression aunculaire 
droite chez I’homme normal et en dtat d'lnsuffisance 
cardiaque En decembre 1943, Lauson, Bloomfield, 
Breed, et Coumand rapportent quelques chiffnes de 
pression ventnculaire i’oite (systohque, diastolique 
et differentielle) a I’^tat normal etchez les cardiaques 
En Mai 1944, Lenegre et Maunce exposent leurs 
premiers rfeultats de la mesure de la P V D M chez 
51 sujets dotes d’un coeur normal ou atteints de 
cardiopathies diverses Depuis, ces recherches se 
sont raultipliees aux Etats-Unis (Bing, Vandam, et 
Gray, 3r), au Mexique, au Danemark (Tybjaerg, 
Hansen, et Warburg), en Suide 

II est done inopportun de reprendre en detail 
la technique actuellement bien connue de la cathe- 
terisation du coeur droit une sonde stenlisee est 
mtroduite aseptiquement par une veine du pli du 
coude (de prifdrence la basihque) jusque dans 
Toreillette droite ou le ventncule droit Person- 
nellement nous utihsons une sonde uret^rale n° 13, 
longue de 120 centimetres, que nous faisons p^n6trer 
dans la veine par denudation sanglante ou grace 
& un trocart dont le calibre inteneur est de 2,4 mm 
Faute d’un matinel plus precis, nous mesurons avec 
un manomfetre andcolde (Qaude) la pression 
moyenne qui regne dans les cavitis droites, notam- 
ment dans le ventncule droit La technique est k 
la fois sflre et simple Si elle connait quelques 
tehees, dhs souvent k des spasmes veineux, elle est 
inoffensive Elle n’est suivie d’aucun incident, sauf 
parfois d’une induration un peu douloureuse et ties 
passagfere de la veine ponctionndc 
H 


Nos premieres recherches nous ont conduits a 
considdrer que la P V D M vane suivant les sujets a 
r6tat normal entre 10 et 20 cm d’eau, soil 75 k 
15 mm de mercure Le chiffre moyen est de 15 5 
cm d’eau, soit 12 mm de mercure 

Le but de cette communication est d’exposer 
les chiffres de P V D,M recueilhs par 42 explorations 
chez 41 sujets atteints T — d’une affection broncho- 
pulmonaire chronique avec ou sans catarrhe 
bronchique asthme (8 cas), emphys^ime (13 cas), 
silicose ou asbestose (13 cas), tuberculose fibreuse 
(1 cas), dyspnfe de cause inconnue (I cas), 2° — 
d’une cyphoscoliose accentude avec gibbositd (4 cas), 
3 “ — d’une thrombose primitive des deux artferes pul- 
monaires (I cas) Chez ces 41 malades, I’lnsuffisance 
cardiaque, et notamment une insuR^nce ventn- 
culaire droite typique (coeur pulmonaire chronique), 
6tait pr&ente 10 fois 

Nous avons divise ces 41 sujets en 2 groupes 
suivant que leur affection dtait bien ou mal tolerde 
Nous avons admis que les signes smvants dtaient 
les indices d’une mauvaise tolerance I” — dyspnfe 
accentude au repos ou au moindre effort, limitant 
plus ou moms I’activitd sociale, 2° — cyanose, 3° — 
bruit de galop droit, gros coeur, gros foie, oedfemes 
des membres mfdneurs Nos resultats sont con- 
signes dans les deux tableaux suivants 

Pression , 
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Pression ventnculaire droite moyenne (P V D M ) chez 
41 sujets atteints d’une affecUon broncho-pul- 
monaire chronique avec ou sans catarrhe bronchique 
(asttoe, emphystoic, sihcose, scldrosc tubcrculeuse) 
ou d une cyphoscohase acoentufe ou d’une insuffis- 
ance ventnculaire droite 

I— ^MUon broncho-putmonaire bien tol(irde (20 

(22 mesures chez 21 malades) III— P V D M chez 
Je sujet normal (15 cm d’eau) IV— P V D M dans 
broncho-pulmonaires chromques a) 
^ ^ b) mal toldrdes 33 

cm deau c) moyenne g^nSrale 26 2 cm d’eau 
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II rcssort Jes fajts suivants 

(1) — Dans 20 cas d’affection broncho-pulmonaire 
chronique (ou autre) bien toMree, la P V D M est 

—14 fois mormale (10 ^ 10 cm d’eau, soit 1 5 h 
15 mm de mercure) 

— 3 fois k peine supeneure k la normale (21 a 
22 cm d’eau, soit 16 mm de mercure) 

— 3 fois moder^ment augment^e (24 ^ 28 cm d’eau, 
soit 18 & 21 mm de mercure) 

Le chiffre moyen, calcuM sur ces 20 cas, est de 
18 7 cm d’eau (14 mm de mercure), e’est-k-dire 
voisin de la normale 

(2) — Sur les 22 mesures effectuees chez 21 sujets 
atteints d’une affection broncho-pulmonaire chro- 
nique (ou autre) mal toler^e, la P V D M est 

— 4 fois normale (13 a 18 cm d’eau, soit 10 a 

1 5 mm de mercure) 

— 2 fois a peine supeneure a la normale (21 a 
22 cm d’eau, soit 16 mm de mercure) 

— 16 fois franchement ou consid^rablement 
augment^ (25 a 80 cm d’eau, soit 19 ^ 60 mm de 
mercure) 

Le chiffre moyen calcule sur les 22 mesures est de 
33 cm d’eau (25 mm de mercure), soit plus du double 
du chiffre normal 

(3) — La moyenne gendrale des chiffres de 
P V D M , calculde d’aprds nos 42 explorations chez 
41 sujets atteints d’affections broncho-pulmonaires 
chromques diverses, bien ou mal tolerdes, s’etabht 
k26 2 cm d’eau (20 mm de mercure) Elle est done 
franchement dlevee 

La confrontation des chiffres de la P V D M 
avec les signes cliniques, radiologiques ou electnques, 
montre que, dans I’ensemble, plus la maladie 
broncho-pulmonaire est sevdre et plus I’hypertension 
ventnculaire droite est elevde Le fait est par- 
ticuherement dvident dans les cas d’lnsuffisance 
ventnculaire droite avdree, qui correspondent comme 
on peut le voir sur le deuxieme tableau, aux chiffres 
les plus forts, a savoir, 35, 40, 41, 42, 44, 52, 53 et 
80 cm d’eau, soit 26 k 60 mm de mercure 

Dans 6 cas cependant ou la maladie broncho- 
pulmonaire chromque peut passer pour bien toldree, 
la P V D M est deja elevee (21 ^28 cm d’eau, soit 

16 a 21 mm de mercure) Cette hypertension dans 
la circulation artdnelle pulmonaire reprdsente fort 
probablement un mdice defavorable L’avenir 
montrera si revolution s’est faite plus rapidement 
chez ces malades vers I’lnsuffisance ventnculaire 
droite 

Inversement, dans 4 cas ou I’affection broncho- 
pulmonaire chromque parait deji mal tolerde 
(dyspnde accentuee et parfois cyanose), sans etre 
cependant accompagnee d’lnsufffsance ventnculaire 
droite, la P V D M reste normale (13 a 1 8 cm d'eau, 
soit 10 a 15 mm de mercure) Ces rdsultats, un oeu 


insohtes, ne s’exphquent pas par des consid6rations 
d’age et de sexe, et leur mdcanisme nous echappe 
encore Ils sont d’ailleurs relativement rares et 
n’empechent pas d’admettre que I’augmentation 
de la P V D M marche de pair avec la gravity de la 
maladie elle repr^ente probablement un des 
facteurs ddcisifs dans revolution et le pronostic 
d’une affection broncho-pulmonaire chromque 
Nos recherches semblent done confirmer I’opinion 
classique 

Nos constatations sont en harmonic avec celles 
de Coumand, effectuees a I’aide d’une technique 
plus precise (enregistrement, avec un manom^tre k 
membrane de Hamilton, de courbes etalonn&s 
de la pression ventnculaire droite, systolique, 
diastohque et diff^rentieJle) Par cette mktbode, 
Coumand admet que chez I’homme normal la 
pression ventnculaire droite systolique vane entre 
1 8 et 30 mm de mercure, avec une valeur moyenne 
de 25 mm de mercure Chez 17 sujets atteints 
d’emphys^me ou de scldrose pulmonaire sans gros 
coeur, la pression ventnculaire droite systolique 
s’est montrde 4 fois normale (autour de 24 mm de 
mercure) et 1 3 fois elevee (44 ^ 45 mm de mercure) 
Dans un autre travail, Bloomfield, e/ al (1946) 
releveqt les resultats suivants qui portent sur 20 
mesures effectuees chez 19 sujets atteints d’emphy- 
seme ou de scl6rose pulmonaire sans insuffisance 
ventnculaire droite pression systohque, 16 k 57 5 
mm de mercure, pression differentielle (pulse 
pressure), 16 & 54 mm de mercure Chez deux 
autres malades ou I’affection secomphquait d’lnsuf- 
fisance ventnculaire droite evidente, la pression 
systolique dtait de 35 et 77 mm de mercure et la 
pression difKrentielle de 21 et 68 mm de mercure 
De ses recherches, Coumand conclut 
“ (a) That • pulmonary hypertension had not 
developed m cases with moderate degree of emphy- 
sema, (b) but that in the group with the most 
marked degree of emphysema, hypertension in the 
lesser circulation was present, and finally, (c) that 
m the group with fibrosis and moderate emphysema 
and apparently small heart, pulmonary hyper- 
tension was already quite marked For a time, it 
was our impression that polycythemia played a 
deasive role in the early development of pulmonary 
hypertension by increasing the resistance to flow ” 
Nous avons aussi cherch6 s’ll n’existerait pas des 
signes chniques, radiologiques ou electriques sus- 
ceptibles de faire pr6voir J’hypertension dans la 
circulation artdnelle pulmonaire Le plus souvent, 
il n’est pas possible d’en inferer du syndrome clinique 
h la pression ventnculaire droite Cependant, sur 
7 cas ou la cyanose dtait pr6sente, la P V D M s’est 
montree franchement augmentee 5 fois Sur 4 cas 
ou I’axe electnque du coeur etait vertical, la P V D M 
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6tait nettement augment^e 3 fois Enfin, elle etait 
franchement 61evee dans les 4 cas d’axe ^lectnque 
droit Ce dernier signe, d’aprfes notre experience 
personnelle, parait done etre un indice a peu pres 
certain de forte hypertension pulmonaire Mais 
nous ne croyons pas devoir attribuer d’lmportance 
k I’amplitude augmentee des ondes aunculaires 
P dans les deuxieme et troisieme derivations, et 
notre ei6ve Ferrero publiera prochainement ses con- 
statations k ce sujet 

Comme nous I’avons dej^ signal^, la presence 
d’une insuffisance ventriculaire droite d’ongine 
pulmonaire est, elle aussi, un test gdneralement 
decisif d’hypertension dans la circulation pul- 
monaire 

Summary 

La pression ventnculaire droite moyenne 
fP V D M ) est etudiee dans 41 cas d’affections 
broncho-pulmonaires chroniques (asthme, emphy- 
seme, cyphoscoliose, etc ) avec ou sans 
insuffisance ventnculaire droite 

Chez 20 malades dont I’affection est bien toleree, 
la PVDM est 14 fois normale, 3 fois k peine 


supeneure k la normale, 3 fois mod6rement aug- 
mentte Le chiffre moyen, calculi sur ces 20 cas, 
est de 18 7 cm d’eau, ou 14 mm db mercure, e’est-^- 
dire voisin de la normale (15 5 cm d’eau ou 12 mm 
de mercure) 

Chez 21 malades, qui ont permis 22 explorations 
et dont I’affection est mal tolbrbe, la P V D M s’est 
montrbe '4 fois normale, 2 fois k peine supbneure 
a la normale et 16 fois franchement ou considbrable- 
ment augmentde (jusqu’k 3 et meme 5 fois la valeur 
normale) Le chiffre moyen calcule sur ces 22 
mesures est de 33 cm d’eau (25 mm de mercure), 
soit plus du double du chiffre normal 

Sauf rares exceptions, plus la maladie broncho- 
pulmonaire est sbvfere, et plus I’hypertension 
ventnculaire droite est accentube Le fait est 
particulibrement evident quand existe une insuf- 
fisance ventnculaire droite avbree, ou quand I’axe 
electnque du coeur est devie k droite 

Dans les affections broncho-pulmonaires 
chroniques, I’bldvation de la pression ventnculaire 
droite (ou artbrielle pulmonaire) represente probable- 
ment un des facteurs essentiels de revolution vers 
I’lnsuffisance ventnculaire droite 
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Pulmonary Heart Disease 
By W D W Brooks, London 


I propose in this discussion to examine some of 
the causes and the consequences of hypertension 
in the pulmonary circulation, particularly in so far 
as the lungs are concerned Hypertension in the 
pulmonary circulation increases the work of the 
right ventricle and in certain circumstances may 
cause pulmonary heart disease The process may 
be acute, or may occur gradually and be chrome 
Acute Cor Pulmonale The most frequent cause 
IS the sudden obstruction of a considerable pro- 
portion of the pulmonary circulation by embohsm 
from a systemic venous thrombus usually in the 
pelvis, abdomen, or leg The phenomenon not 


unfrequently follows an operation Occasionally 
the embolus denves from the nght side of the 
heart itself Fat embohsm too may give this 
result Very rarely an aortic aneurysm ruptures 
into the pulmonary artery and causes acute cor 
pulmonale 

No pnmary pulmonary disorder is known that 
gives nse to acute cor pulmonale It has not been 
reported to occur for example, as a result of blast, 
irradiation bums of the lungs, or 'bf any acute 
infection Spontaneous pneumothorax, even when 
bilateral, does not have this consequence, presumably 
because the blood flow into the thorax and through 
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the lungs is reduced proportionately as the intra- 
pleural pressures increase and the lungs shrink 
A respiratory death is the rule 

On one occasion dunng the war a traumatic 
diaphragmatic hernia was seen to give rise to acute 
cor pulmonale A sailor, aged 27, in 1942 fell 
down a ladder on a destroyer and was admitted to 
R N H Chatham eight hours later Pain in the 
front of the chest, dyspnoea, and shock were marked 
features of the case, and he had a very large (left) 
traumatic diaphragmatic hernia containing the 
stomach and some coils of intestine, and the media- 
stmum was grossly displaced The size of the 
hernia continued rapidly to increase because the 
stomach was so kinked on its pylonc attachments 
that complete obstruction at that level resulted 
Increasing systemic venous pressure, enlargement of 
the hver, together with clinical and radiological 
evidence of dilatation of the right ventricle became 
evident At this time an electrocardiogram showed 
negative T waves in leads II and III, and a prominent 
Q m lead III The passage of a stomach tube and 
other measures gave some relief, but he died on the 
operating table Only one other instance of this 
sequence of events has been recorded (McGinn, S , 
and Spear, L M New England J Med (1941), 
224, 1014) 

While considerable attention has been paid to the 
cardiovascular phenomena in acute cor pulmonale 
the consecutive pulmonary sequelae have been 
somewhat neglected They are not unimportant 
As a direct consequence of the rapid rise in pul- 
monary vascular pressure the lungs become less 
easily altered m volume and shape Respiration 
thus requires more muscular effort, the intrapleural 
pressure fluctuates at a more nearly atmosphenc 
level, and may exceed atmosphenc pressure durmg 
expiration The chest can be seen to be relatively 
distended m expiration, so that in the more usual 
type of case it seems highly probable that despite 
extensive infarcts the residual air is relatively and 
perhaps absolutely increased The vital capacity 
IS reduced, sometimes almost to the level of the tidal 
air No doubt pam too contnbutes to cause shallow 
respiration Moreover, there may well be enough 
distension of the residual patent pulmonary capil- 
laries to reduce the efficiency of gas interchange 
at the alveolar surface All this occurs acutely and 
there is little time for adjustment and compensation 
to take place, m contrast to what happens when, for 
example, congestive heart failure supervenes on 
mitral stenosis As a consequence, and apart 
altogether from the cardiac effects respiratory 
mefficiency acute and severe in degree gives nse to 
anoxEemia, makes the issue more hazardous, and 
the need for oxygen therapy more urgent The 


later results of pulmonary infarction m those patients 
who survive are well known and need not detain us 

Chronic Cor Pulmonale Though the pressure 
m the right ventricle and pulmonary artery can now 
be measured directly the procedure is scarcely yet 
one which can be called a routine clinical method 
As a rule, therefore, the diagnosis of pulmonary 
hypertension depends upon an understanding of the 
disorders capable of producing it, and upon the 
recognition of the chnical features that they may 
produce 

These disorders are numerous but they fall into 
four groups 

(1) obstruction of the pulmonary circulation 

within Its own limits, e g in emphysema, 
and in certain pulmonary fibroses, 

(2) obstruction of the pulmonary circulation 

beyond its structural limits, c g in the left 
ventricular failure, and in mitral stenosis, 

(3) shunting of blood from the arterial mto the 

pulmonary cmculation in, e g certam 
instances of congenital heart disease and 

(4) in severe deformity of the thoracic bony 

structures, e g severe kyphoscohosis 

In conformity with our onginal limitation dis- 
cussion will be restricted to the associabon of 
emphysema and pulmonary fibrosis with pulmonary 
hypertension and chronic cor pulmonale 

Symptoms and Signs Dyspnoea is the outstand- 
ing symptom It is, of course, a major clinical 
feature of both these disorders but with the advent 
of pulmonary hypertension it becomes progressively 
worse and ultimately incapacitates the patient 
Cough IS frequently but not always present, and it 
IS productive when chronic bronchitis or passive 
congestion of the lungs complicate the case When 
the right ventncle fails the systemic veins become 
more distended, the liver enlarges and often becomes 
tender, and oedema, ascites, ohguna, and sometimes 
nausea and vomiting occur 

When the heart enlarges it is the conus artenosus 
and right ventncle that are predommantly con- 
cerned, and the latter, occupying a greater pro- 
portion of the heart’s antenor surface than is normal 
may give rise to visible and palpable pulsation m 
the third and fourth left intercostal spaces The 
pulmonary second sound is accentuated, and later 
gallop rhythm may be heard Less constant and 
very variable features are cyanosis, clubbing of the 
fingers and toes, and polycjthasmia To these will 
be added the well-known symptoms and physical 
signs of the underlying pulmonary abnormality 
It wiU be observed that a majority of the clinical 
features of pulmonary hypertension are also features 
of emphysema and of certain pulmonaiy fibroses 
such as the pneumokonioses Only when failure 
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of the nght heart develops, do distinctive symptoms 
and signs anse For this reason, the early recog- 
mtion of pulmonary hypertension is greatly helped 
by radiological examination The distended pul- 
monary vessels can as a rule be seen spreadmg far 
out mto the lungs, and the aggregate of major 
pulmonary vascular trunks at the hila are much 
more dominant a feature than is usual I am 
mdebted to my colleague. Dr E Rohan Williams, 
for his demonstration that enlargement of the 
pulmonary artery near the hilum can often especially 
well be shown by radiography in the lordotic 
position Tomography also can demonstrate these 
dilated vessels beautifully 
It has long been assumed that emphysema causes 
pulmonary hypertension and ultimately cor pul- 
monale by progressive obliteration of the capiUanes 
within the lungs The major weakness in this 
hypothesis is the lack of correlation between the 
degree of emphysema and the accompanying cardio- 
vascular change Parkinson and Hoyle (1937) 
{Quart J Med, 6, 59) summarize the histoncal 
background and set forth this difficulty so well that 
I need only cite this one report In the last ten 
years the part played by consecutive artenosclerotic 
changes particularly in the pulmonary artenoles 
has been emphasiz^ m several reports of which 
(Parker, R L (1940), Ann intern Med , 14, 795, 
and Gilmour, J R , and Evans, H (194^ J Path 
Bact , 56, 587) are noteworthy The last authors 
m a case of pnmary pulmonary hypertension 
reported aplasia or hypoplasia m mnumerable 
small pulmonary artenes, and concluded that this 
deficiency was a factor leadmg to the later genesis 
of endartentis and pulmonary hypertension From 
these reports it would seem likely that m emphysema 
assoaated artenosclerosis in the pulmonary artenoles 
is a requisite for the development of cor pulmonale 


It IS not yet clear to what extent in emphysema the 
obliteration of capillanes and hypertension from this 
source causes artenolar sclerosis Cases occur m 
which pulmonary artenosclerosis anses indepen- 
dently of any pulmpnary disease or indeed of any 
known cause so that other factors may be concerned 
There are few if any comparable mvestigations in 
patients with pneumonokoniosis 

It was thought worth while to mvestigate senes 
of normals, of emphysema, and of pneumonokomosis 
with and without pulmbnary hypertension, and to 
compare the cardiac output, cardiac area, and lung 
volumes m these series m the hope that some corre- 
lation between the pulmonary pathology and the 
extent of the pulmonary hypertension might be 
found 

Results 

The results of the estimation of the cardiac 
output and lung volumes in 12 normal controls of 
similar ages to those of the cases of emphysema and 
fibrosis are set forth in TaTjle I Basal conditions 
obtamed throughout 

Cardiac output showed a variation dependent on 
difierence in size of the individuals, the cardiac index 
bemg nearly constant Mean C I =2 2 ht per sq 
metre probable error ±0 083 The cardiac area as 
determined by a planimeter from standard postero- 
antenor radiograms was 173 3db5 11 sq cm The 
value of the total pulmonary capacity and its 
subdivisions, the vital capacity and residual air, 
fell withm the limits of norraahty in regard to both 
relative and absolute values of these quantities 

Emphysema Fifteen male patients were m- 
vestigated Their physical and chnical charac- 
teristics, the duration of symptoms, the signs, and 
the X-ray and cardiographic findings were recorded 
Their disabihty ranged from dyspncea on moderate 
-exertion to dyspnoea at rest Cyanosis, while the 


TABLE I 
Normals 


Case 

Cardiac 

output 

Cardiac 

index 

Cardiac 

area 

TPC * 

VC * 

RA * 

TPC ^^00 

1 

3 70 

1 74 

204 


5 80 

1 28 

18 1 

2 

4 26 

223 

168 

6 57 

5 30 

1 27 

19 3 

3 

4 38 

211 

202 

5 27 

419 

1-08 

20 5 

4 1 

247 

1 44 

191 

6 56 

490 

1 66 

25 3 

5 

3 56 

1 99 

189 

5 46 

3 95 

1 51 

27 7 

6 

504 

2 93 

128 

4 66 

348 

1 18 


7 

4 46 

213 1 

152 


5 70 

2 10 

0 

8 

9 

4-06 

3 92 

2-06 

220 

181 

133 

7 10 

447 ! 

5 10 

3 20 

200 

1 77 

28 2 

10 

11 

12 

3 14 

5 38 

471 

211 

3 18 

2 35 

145 

193 

187 

1 

3 76 I 

4 31 

8 56 

264 

2 95 

5 73 

; 1 12 

1 36 

2 83 

Z6 4 

298 

31 5 

33 1 


* T P C , total pulmonary capacity, V C , vital capacity, and R A , residual air 
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TABLE II 
Emphysema 


Case 

Cardiac 

output 

— 

Cardiac 

index 

Cardiac 

area 

TPC 

VC 

RA 

RA 

.j^xlOO 

13 

14 

15 

16 

6 

1 7 

1 4 

8 

96 i 

60 1 

51 

30 

3 36 

4 04 

3 30 

4 19 

213 

184 

194 

268 

5 73 

6 45 

411 

7 71 

404 

4 54 

2 72 

495 

1 69 

1 91 

1 39 

2 76 

29 5 

29 6 

33 8 

3S R 

17 

3 

59 

2-05 

192 

5 55 

3 50 

2 05 

36 9 

18 

6 


3 60 

174 

4 54 

2 74 

1 80 

39 7 

19 

7 

39 

3 47 

206 

4 29 

2 56 

1 73 

403 

20 

4 

34 

2 89 

169 

6 58 

3 92 

2 66 

404 

21 

6 

13 

4 41 

129 

420 

2 48 

1 72 

41-0 

22 

4 

72 

2 36 

210 

6 47 

3 80 

2 67 

41 3 

23 

3 

26 

171 

165 

5 46 

3 18 

2 28 

42 2 

24 

5 

84 

3 06 

181 

690 

3 80 

3 10 

449 

25 

4 

94 

3 38 

114 

4 66 

246 

2 20 

47 2 

26 

3 

74 

2 63 

109 

4 77 

204 

2 73 

572 

27 

5 

30 

2 76 

299 

5 84 

1 77 

4 07 

69 6 


patient was resting, was present in eight, but clubbing 
of the fingers was noticeable in one patient only 
In two cases (16, 27) the chronic pulmonary disorder 
was complicated by hyperpiesis Pulmonary hyper- 
tension could be diagnosed m eleven cases, and cor 
pulmonale in five — as a result of an aggregate of the 
above and subsequent findings (Cases 13, 16, 17, 
18, 19, 20, 22, 23, 24, 26, 27 and 13, 16, 19, 22, and 
27 respectively) 

In Table U the cases (as in Table I) are set forth 
in order of the seventy of the emphysema as 
measured by the relative size of the residual air 
RA 

X 100 No correlation could be found 


between this ratio and the estimated degree of 
pulmonary hypertension, nor with the incidence or 
seventy of cor pulmonale when that was present 
The cardiac output and index were as a rule 
higher than had been found in normal controls, 
and this was also true in cases with cor pulmonale 
The cardiac area, apart from Cases 16 and 27, 
both of which had systemic hypertension, was 
essentially the same as that found in the normal 
controls, the mean cardiac area being 1727±66 
sq cm Vital capacity was reduced, residual air 
RA 

increased so that .^^xlOO was increased The 

total pulmonary capacity was not greatly abnormal 
Fibrosis A similar investigation of 14 cases of 
pneumonokoniosis was undertaken Dyspncea was 
an even wore noticeable feature and cyanosis at 
rest was apparent in 9 cases 

Six patients had been sand blasters, five coal 
mmers, and one an iron moulder, while m two no 
reco^ized industrial hazard productive of pneu- 
monokomosis had occurred in their history The 


duration of exposure was noticeably short in those 
whose occupation had been sand blasting In four 
cases electrocardiography showed left ventncular 
preponderance and two of these presented evidence 
of systemic arteriosclerosis and a high blood 
pressure 

In Table III the degree of pulmonary fibrosis 
vaned from shght to very severe as judged radio- 
logically, but the X-ray findings bore little or no 
relation to the patient’s disabihty as measured by 

RA 

dyspncea or to the ratio x 1 00 In five (Cases 

30, 37, 39, 41) pulmonary hypertension could be 
diagnosed and m two (Cases 30 and 37) cor 
pulmonale was present Again there was no 
correlation to be found between the seventy of the 

RA 

respiratory disorder as measured by .j^xlOO 

and the observed consecutive cardiovascular abnor- 
mahty or between the latter and the radiological 
extent of the disease Cardiac output was often 
raised and this was true also in those with cor 
pulmonale The mean cardiac area (excluding the 
two cases with systemic hypertension) was 1 85 8±4 9 
sq cm which showed a shght statistically significant 
mcrease as compared with the normals 

The total pulmonaiy capacuty was decreased as a 
result of a marked decrease m the vital capacity, the 
residual air being absolutely and relatively mcreased. 

These results confirm previous findmgs that 
correlation is lacking between the seventy of 
emphysema and the associated degree of pulmonaiy 
hypertension and cor pulmonale They also show 
a similar lack of relationship to obtam in cases of 
pn^umonokomosis — which has not previously been 
reported 
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TABLE ni; 
Fibrosis 


Case 

Cardiac 

output 1 

1 

Cardiac 

index 

Cardiac 

area 

|M| 

B 

RA 

Tpc^lOO 

28 

4 54 

2 40 ' 

161 

2 88 

2 20 

0 68 

236 

29 

3 81 

225 

237 

5 32 

3 87 

1 45 

27 2 

30 

5 28 

3 03 

203 

4 58 

1 3 16 

1 42 

31-6 

31 

748 

3 84 

168 

4 36 

1 2 68 

1 68 

38 5 

32 

2 92 

1 90 

155 

4 01 

2 30 

1 71 

42 6 

33 

4 77 

1 3 11 

183 

3 99 

1 2 24 

1 75 

1 43 8 

34 

2 87 

1 1 95 

180 

2 75 

1 54 

1 21 

1 440 

35 

4 89 

3-09 

168 

4 12 

218 

1 94 

47 0 

36 

4-68 

2 56 

157 

1 4 33 

222 

211 

487 

37 

4 77 

2 69 

222 

4 35 

2 18 

217 

49 9 

38 

2 98 

2 07 

176 

7 20 

3 24 

3 96 

55 0 

39 

613 

3 29 

1 306 

3 55 

1 50 

2 05 

57 7 

40 

8 98 

1 6 36 

1 170 

448 

1 68 

2 80 

625 

41 : 

625 

1 

3 80 

282 

3 89 

1 

1-06 

2 83 

72 7 


In both emphysema and pneumonokoniosis pro- 
gressive obhteration of small pulmonary vessels 
occurs which could theoretically ultimately cause 
pulmonary hypertension In both disorders the 
distruction of available effective alveolar surface for 
oxygenation could give nse to decreased artenal 
oxygen saturation of the blood and so in turn 
theoretically cause a “ work hypertrophy ” and 


ultimately failure of the heart In neither disease, 
however, can the seventy of the pathological process 
be directly related to the observed associated 
cardiovascular change, and therefore it seems pro- 
bable that when pulmonary hypertension or cor 
pulmonale develops some other causal factor, 
unrelated to the primary pulmonary disease, must be 
present 


Electrocardiographic Appearances in Acute and Chronic Pulmonary Heart Disease 

By Paul Wood, London 


An analysis of the electrocardiographic appear- 
ances in 20 cases of massive pulmonary embohsm 
with raised jugular venous pressure was presented 
Limb leads showed an almost constant S wave m 
lead I, frequent Q wave m lead III, inversion of 
T ni, flattemng or slight inversion of T H, and 
rather low voltage Occasionally P II was tall and 
sharp Multiple chest leads revealed inversion of 
T from V I to V 3 or 4 m all, reversion to normal 
taking three to six weeks Transient right bundle- 
branch block occurred m three The changes were 
attnbuted to acute nght ventricular stress 
In 100 cases of chronic pulmonary heart disease, 
limb leads showed a tall sharp P wave in 85, nght 
axis deviation in 46, a tendency to right aXis devia- 
tion in 11, a prominent S wave m all leads in 9, 
nght bundle-branch block m 4, and low voltage m 
40 Multiple chest leads showed normal ven- 
tricular deflections m the majonty, reversion of T 
from V 1 to V 3 occurred re only 13 per cent and a 
chiefly upnght QRS complex re V 1 with a con- 
spicuous S wave re V 5 was seen re only 16 per cent 
In another 16 per cent of cases antenor chest leads 
from V 1 to V 5 revealed a fixed RS pattern with S 
dominant It was concluded that the tall spiked 


P wave was by far the most significant change. 

The rest of the communication summarized the 
author’s, investigations into this P wave In 
normal controls the maximum auncular deflection 
very rarely measured more than 1 5 mm re amph- 
tude and averaged 1 mm The pulmonary P wave 
commonly ranged between 2-3 ram in height, but 
was never widened It was never seen re normal 
vertical hearts which refuted the suggestion that it 
depended on cardiac rotation due to emphysema 
It could not be attnbuted to anoxia for it was an 
early finding and tended to dimimsh re voltage 
when anoxia became severe, nor was it present re 
cases of severe- anaemia It could not be ascnbed 
to an elevated cardiac output, for it was seen in a 
much less conspicuous form re cases of thyrotoxi- 
cosis in which the cardiac output was considerably 
higher, moreover, as already mentioned, -P was of 
low voltage re severe chronic anaemia with outputs 
up to 14 htres a minute Intracardiac pressure 
studies failed to reveal any correlation between this 
P wave and the nght auncular pressure, but there 
appeared to be some association between it and the 
nght ventncular pressure Just on what such a 
relationship might depend was unknown 
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THE CLINICAL VALUE OF CHEST LEADS 

September 10, 1947, afternoon Section of Cardiology 


By Frank N 

In the growth of electrocardiography as a clinical 
method, Bntish physiologists and physicians have 
played a more important role than those of any 
other nationality Waller was the first to show that 
the electrical activities of the human heart could 
be recorded by leading from the extremities or from 
the surface of the chest Mackenzie, although he 
did not deal directly with this subject, tremendously 
increased our knowledge of clinical disorders of 
the rate and rhythm of the heart beat and aroused a 
world-wide interest in this field Thomas Lewis 
contnbuted more than any other man to the develop- 
ment of the principles and methods of analysts upon 
which the interpretation of the electrocardiogram 
is founded Most of my own electrocardiographic 
studies have been the result of ideas derived from 
his investigations, and I am also deeply indebted 
to him for help and encouragement on many 
occasions I consider it a very great honour to be 
asked to discuss an important aspect of chnical 
electrocardiography here in his native land and m 
this great city where his work was done It would 
have been a still greater pleasure to come here if he 
were still hving and could take part in this 
discussion 

It was the work of Lewis and Rothschild on the 
spread of the excitatory process that first aroused 
my interest m the possibility of exploring the 
anterior ventricular surface by placing one electrode 
on the prjecordium and the other far from the heart 
The observations and ideas contained in their paper 
and notions denved from a study of the physical 
pnnciples upon which the work of Einthoven and 
that of Waller on the electncal axis of the heart is 
clearly founded led to a senes of investigations 
concerned with the character of the heart’s electrical 
field These investigations were first undertaken 
late m 1919 and were continued off and on through 
the early twenties A preliminary report to the 
effect that prEecordial leads of the kind mentioned 
are semi-direct leads very similar to the unipolar 
direct leads first used by Lewis and Rothschild was 
published m 1926, but the systematic use of multiple 
leads of this sort at the University of Michigan 
dates fronT the summer of 1929 It was precipitated 
at that time by the observations on bundle branch 
block by Barker, Macleod, and Alexander, and wa§ 


Arbor, Michigan 

undertaken with the purpose of obtaining additional 
data bearing on their conclusions A preliminary 
report of this work was published in 1930, the final 
report came out in 1932, and was nearly simultaneous 
with the paper on the use of a single chest lead in the 
diagnosis of infarction by Wolferth and Wood 
Smce that time the percentage of cases m which 
priecordial leads are employed has steadily increased 
We have never taken prascordial leads routmely 
For the purpose of studying disturbances of the 
rate and rhythm of the heart beat, or of the time 
relations and sequence of auricular and ventncular 
activation, unipolar chest leads are only occasionally 
better than hmb leads, and are not m general 
superior to bipolar chest leads of the kmd used by 
Lewis in his studies of auricular fibnllation, and are 
much less useful than oesophageal leads They 
have not thus far proved to have any special 
advantages in the study of the form of the auricular 
complex On the other hand, chest leads and 
particularly unipolar leads from the praecordiura, 
are mdispensable for the detection and differentiation 
of abnormahties of the ventricular complex They 
frequently disclose abnormalities of the QRS group, 
the T complex, or both, when the hmb leads show 
either no deviation from the normal or none that 
have diagnostic significance On this occasion, it 
will suffice to consider only those conditions m 
which the value of umpolar prscordial leads has 
been most clearly demonstrated It should, of 
course, be clearly understood that chmcal diagnosis 
should seldom, if ever, be made on the basis of 
electrocardiographic findings alone To rely solely 
upon an mterpretation of the electrocardiogram 
that IS not supported by the case history or other 
chnical data after an adequate investigation has 
been made frequently means to run the risk of 
converting an essentially normal person into a 
psychoneurotic invalid 

Praecordial leads are of value, first of all, in the 
recogmtion of abnormalities affecting the intra- 
ventricular conduction of the cardiac impulse 
They make it possible in the vast majority of the 
cases m which the QRS interval measures 0 12 
second or more to ascertain whether one is dealing 
wth nght bundle branch block, left bundle branch 
block, arborization block, Wolff-Parkinson-Whitc 
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syndrome, or a conduction defect not belonging m 
any of these catagories Intraventricular conduction 
defects that produce a less striking increase m 
the QRS interval are somewhat more difficult to 
differentiate, but prsecordial l|ads often disclose the 
presence of incomplete right branch block when 
the ventncular complexes of the limb leads are not 
distinctly abnormal They also make it possible 
in many instances to recognize such combinations 
as complete or incomplete right branch block plus 
right ventncular hypertrophy or myocardial in- 
farction, and left bundle branch block plus left 
ventricular hypertrophy The electrocardiographic 
diagnosis of left bundle branch block plus infarction 
IS in our experience rarely possible Incomplete left 
branch block is difficult to distinguish from the 
effects of preponderant hypertrophy of the left 
ventricle Many have expressed the opinion that 
all defects in intraventricular conduction have the 
same chmcal significance and that it is not worth 
while to attempt to differentiate one from another 
The answer to this objection is that we cannot tell 
whether it is valid until the differentiation in question 
can be made with reasonable certainty In the past 
this has not been possible, and the older studies of 
the significance of the different varieties of intra- 
ventricular block which were based on limb leads 
can no longer be considered definitive There are 
some chmcal disorders that produce one type of 
intraventncular block exclusively or much more 
often than any of the others Right bundle branch 
block IS common in pulmonary embolism, Chagas 
disease, infarction of the ventricular septum, and 
congenital cardiac anomahes in which the septum 
IS defective, left branch block does not occur at 
all in some of these conditions and is rare in others 
True arbonzation block is usually, if not always, a 
consequence of old infarction 
In the second place, prsecordial leads are of very 
great value m the diagnosis of preponderant hyper- 
trophy or enlargement of one ventncle, and par- 
ticularly m the diagnosis of preponderant hyper- 
trophy or enlargement of the right ventncle The 
last is not infrequently induced by pulmonary 
hypertension, which is often difficult to detect by 
clinical means The systematic electrocardiographic 
study of all cases of heart disease of obscure origin 
will disclose many cases of unsuspected cor pul- 
monale Many patients with congenital heart 
disease are now candidates for cardiovascular 
surgery The use of prrecordial leads in such cases 
frequently yields valuable evidence beanng on the 
presence or absence of suspected or unsuspected 
complications It is now clear that the position of 
the mean electrical axis of the QRS deflections is 
determined not by the relative weight or size of the 


two ventricles, but by the position of the heart in 
the chest This is not wholly determined by the 
nature of the cardiac lesion present Thus it is 
possible to have right axis deviation in a case of 
preponderant enlargement of the left ventncle or 
left axis deviation associated with preponderant 
enlargement of the right ventricle 

Finally, chest leads find their greatest field of 
usefulness in the diagnosis of myocardial infarction, 
and I have seen a great many instances in which this 
condition was certainly present and not recognizable 
by any other method There are a great many 
infarcts of the less extensive sort that can be easily 
recognized if praecordial leads are taken, and never- 
theless give rise to no constitutional symptoms 
whatsoever and to only the most tnvial complaints 
The infarcts that are least likely to produce charac- 
teristic changes in the limb leads but regularly give 
rise to such changes in praecordial leads are those 
that involve the antenor part of the ventricular 
septum and adjacent parts of the anterior wall of 
the left ventricle We speak of these as antero- 
septal infarcts Other types of infarcts that produce 
more striking changes m praecordial leads than in the 
limb leads are those associated with right bundle 
branch block, which usually involve the upper 
ventncular septum, those that for some reason give 
rise to small bizarre deflections m all of the standard 
hmb leads, and certain postenor or high lateral 
infarcts It is desirable to take praecordial leads 
in all cases in which myocardial infarction is 
considered a possibility and in all cases m which 
symptoms of cardiac weakness or cardiac failure 
develop rapidly without obvious cause If this is 
done many instances of chmcally undiagnosed 
examples of infarction will be discovered 
In considenng abnormalities of the form of the 
ventrieular complex, particularly those of a non- 
specific kmd, it IS necessary to ask one’s -self whether 
they are the result of (1) a minor congemtal 
anomaly, (2) some long past illness which has left 
behind an anatomic or physiologic scar, (3) an 
acute process, such as acute myocarditis, myocardial 
infarction, pencarditis, or toxaemia, or (4) a slowly 
progressive degenerative condition such as coronary 
atherosclerosis Perhaps a fifth possibility, derange- 
ment of the vegetative nervous system should be 
added In reaching a decision it is often necessary 
to rejieat the electrocardiographic examination at 
intervals over a considerable penod If the electro- 
cardiographic changes persist unchanged, they 
should not be ascribed to an acute process It is 
also imperative that the final conclusions be based 
on a careful scrutiny of all the chmcal and laboratory 
data available, and not upon the electrocardiogram 
alone 
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This commumcatior has been published in fuller form (Brit Heart J , 1948, 10, 9) 


By Terence East 


After hearing Dr Wilson’s address and studying 
his writings, it is clear that unipolar leads can 
afford valuable information, more clear than any 
hitherto available The difficulty is that the full 
electrical exploration of the heart may involve the 
takmg of so many records If one uses the three 
standard, the six urlipolar Chest, with perhaps an 
abdommal or epigastnc, the three unipolar hmb 
leads and, possibly, other thoracic and an oeso- 
phageal lead, one may end by taking some fifteen or 
sixteen tracings For ordinary clinical practice 
this is too many , time does not penrnt such 
elaboration, one must now begin to consider 
whether a new approach may not be adopted which 
will reduce the mitial number of leads used further 
exploration can be done to elucidate details, but 
It might be possible to cut down the number taken 
at first, or perhaps select special lead§ suitable for 
obtaining special information This seems more 
logical than just using the standard leads and one or 
more pcsecordial leads at random This method 
must surely become obsolete m the near future 

Defimte information can be sought from the 
cardiogram on the following pomts The answer is 
often final and conclusive 

1 Auncular activityi This is essential in the 

interpretation of most of the arrhythmias, 
especially circus movements, and in the study 
of aunculo-ventncular conduction 

2 Intraventncular conduction and bundle branch 

^block 

3 Indication of unilateral or bilateral ventncular 

hypertrophy and stram 

4 The position of the heart 

5 Pathological changes m the myocardium, m 

particular ischsemic disease, and the detection 
and locahzation of infarcts, and also un- 
specific minor vanations from the normal 

6 Pulmonary embolism and infarction This 

might come under heading 3 

7 Pencarditis, with or without effusion 

Ton certam degree the three standard leads have 
for long revealed a good deal on these pomts, the 
addition of chest leads was the first extension mto 
further fields of exploration The choice of chest 
contacts is wide, both m site of application, and 
also whether a unipolar or paired techmque should 
be used It would appear that there are good 
reasons for employing the unipolar prascordial 
technique rather than using a distal electrode on 


the nght arm or left leg There are also good 
reasons for using umpolar limb leads, rather than 
the standard, for thereby true single changes of 
potential are recorded rather than the differences 
between two Apart from the six pnecordial con- 
tacts, runnmg from nght to left, there are others 
that have been proposed One of the most pro- 
mising was ffie nght upper abdommal, which, by a 
high positive deflection, might be useful as an 
indication of hypertrophy of the nght ventncle 
This IS not the case, for it has been found that such 
deflections are given in this lead by vertical hearts, 
which are actually normal One might suggest 
that a practical solution of the difficulties ansmg 
from the taking of so many leads is to select the 
following, for the reasons that are appended 

LeadVX 

1 This will show auncular waves, and be useful 
for circus movements, auncular tachycardia, and for 
measuring aunculo-ventncular block 

2 A large R and small S will show nght ventncular 
hypertrophy 

3 The position of the intrinsic deflection m a 
prolonged QRS will diagnose the site of bundle 
branch block 

4 The size of the normally negative deflection will 
show the position of the heart 

Lead V 4 (or V 5) The one selected depends on 
the size of the heart, it should be just outside the 
apex beat (V 6 or 7 might on occasion be needed ) 

1 Hypertrophy of the left ventncle is shown by 
the large R and no S wave T may be negative (as 
m standard lead I) Digitalis effects are shown 

2 Antenor infarcts are shown by Q and changes 
m RS-T junction and T waves 

3 Bundle branch block location is confirmed by 
the position of the mtnnsic deflection m a prolonged 
QRS 

4 Possibly changes due to pencarditis 

Lead VL (The unipolar left arm lead ) 

1 This may reveal some lateral mfarcts 

2 The posiuonofthe heart is shown, particularly 

when vertical, the normally positive leads becoming 
small or negative 

3 One might expect changes due to pencarditis 

Lead VF (The umpolar left leg lead ) 

1 Postenor infarcts are shown 

2 The changes of pulmonary mfarction are 

detected 
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3 The position of the heart is shown, particularly 
when horizontal 

4 One might expect changes due to pencarditis 
By giving the third stnp on the film two separate 

exposures V L and V F can be shown consecutively, 
and all four leads will tEen appear on one film It 
is intended to adopt this selective technique on a 


senes of cases, controlled by the standard leads, 
to determme whether the latter can ultimately be 
dropped altogether It may at any time be desirable 
to amphfy the prelimmary data obtained by such 
an approach with full electncal exploration of the 
heart, using such additional leads as may seem 
indicated 


By Camille Lian, Pans 


After the very interestmg communication of 
Dr Wilson and Dr Bain, I shall only say a few words 
about two chest leads that I have specially studied 

First, the auncular lead which I have named 
S 5, the nght arm electrode is placed on the middle 
of the sternal manubnum and the left arm electrode 
on the antenor extremity of the fifth nght intercostal 
space In this way, the auncular waves are well 
recorded even when they are invisible in the hmb 
leads For the same purpose, I have recently 
employed with success the well known chest leads 
CF 1 and V 1, but the chest lead S 5 gives better 
results 

For another purpose, I have used the chest lead 
BF (back-foot) or VB (back-central termmal of 
Wilson) After placing ^e explonng electrode m 
the standard position, 1, 2, 3, 4, etc , I place it mid- 


way between the left scapula and the spine, two 
fingers above the mferior angle of the scapula In 
this lead, the T wave is negative in healthy subjects 
As you know, in cases of coronary disease giving 
the T ni type of curve m limb leads, the T wave 
generally keeps its normal direction m standard 
chest leads But these same cases generally show 
a reversal of T wave in the chest lead BF or VB, 
taken as descnbed, that is to say the normally 
negative T wave becomes positive 
Therefore, m a case presentmg an inverted T in 
lead lU, this special chest lead may be informative, 
for if the inverted T III is due to coronary occlusion, 
the chest lead BF generally shows a reversal of T, 
that IS a positive instead of a negative T wave 
The chest lead BF of VB can thus be useful m cases 
presenting the T III type of electrocardiogram 
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THE USE OF THE PHONOCARDIOGRAPH 
IN CLINICAL CARDIOLOGY 


September //, J947 
By William 

The phonocardiograph was bom soon after the 
electrocardiograph, but Iheir growth has been 
unequal in that the latter has been applied im- 
mediately to clinical medicine and has flourished 
while the former test, used to display such murmurs 
as the presystolic and the one identified with patent 
ductus artenosus, has become largely exhibitional 
and for that reason has lost ground More recently, 
however, phonocardiography has shown signs of 
coming into its own, and he now predicted for it a 
place in cardiology not far behind electrocardio- 
graphy He proposed to show some of the ways m 
which the test had already contnbuted to our know- 
ledge and to point the way in which it could be use- 
fully developed in the future 
In the first place, it had confirmed the clinical 
classification for Triple Heart Rhythm Such a 
classification had become necessary owing to the 
confused terminology connected with this rh)ithm 
All cases of triple heart rhythm fall naturally into 
three groups First, from addition of the third 
heart sound which immediately follows the second 
sound, secondly, from addition of the fourth heart 
sound which immediately precedes the first heart 
sound, and thirdly, from addition of a sound in late 
systole This third vanety was an innocent con- 
dition and only assumed importance in its differentia- 
tion from the presence of the third heart sound 
The first kmd of tnple heart rhythm was found m 
healthy subjects and in those conditions that 
produce nght heart failure this included mitral 
stenosis, hypertensive heart failure, emphysema, 
pulmonary embolism, pnmary pulmonary hyper- 
tension, auricular septal defect, constrictive pen- 
carditis, cardiac infarction, and anaemia He spoke 
briefly about each of these forms of tnple heart 
rhythm 

The second vanety from addition of the fourth 
heart sound was found in prolonged A-V conduction 
or in left ventricular heart failure as in hypertensive 

By Camille 

I appreciate the honour of being invited to attend 
this International Conference and to address the 
Section of Cardiology I have been speaally 


Section of Cardiology 
Evans, London 

heart failure, aortic, incompetence and failure, and 
in cardiac infarction 

Turning to Heart Murmurs, he stressed the 
importance of the phonocardiograph in confirming 
the rehability of certain clinical signs which had been 
assembled for the differentiation of innocent heart 
murmurs into five mam varieties, and he outlined 
such signs Concerning the murmurs of organic 
heart disease he mentioned how common it was for 
the phonocardiograph to show that the systolic 
murmur of mitral disease actually occurred during 
auncular systole as m the case of the presystolic 
murmur The mid-diastohc murmur of mitral 
stenosis was even more important in the hght of 
this newer test, so that in 74 cases of undoubted 
mitral stenosis the test had shown the presence of 
this murmur in all of them, but more cases need 
to be tested before one could say that it was an 
invariable finding He then dealt with the murmurs 
of aortic valvular disease, hypertension, congemtal 
heart disease, anaemia, and heart block 
Dr Evans beheved in the importance of the test 
not only for research purposes but also for chmcal 
diagnosis in specific instances The test had come 
to stay We would not be able to Uve without it 
and for the good reason that our patients would not 
be able to live so well without it 
In conclusion, he stressed three thmgs m chmcal 
auscultation First, the advantage to chmcal 
diagnosis of findmg and placing the added heart 
sound which created a tnple heart rhythm 
Secondly, that the quahty and intensity of murmurs 
matter far less than their place m the cardiac cycle 
and in relation to the heart sounds Thirdly, and 
above all else, the phonocardiograph had emphasized 
the importance of self catechism durmg clinical 
auscultation He mentioned six questions which 
should be applied when the bell of the stethoscope 
rested on any part of the chest in the search for heart 
disease 


Lian, Pans 

interested in phonocardiography for many years 
and, together with a disUnguished qualified engineer, 
Mr Minot, have succeeded in desigmng an onginal 



OF PHYSICIANS 


93 


phonocardiograph, known m France as the Lian- 
Minot Telestethophone With this apparatus it is 
possible to record the heart sounds while actually 
hearing them reproduced by loud-speaker, a feature 
of capital importance The electrocardfogram and 
the apex impulse -can be recorded simultaneously 
with the heart sounds 

I propose to speak to-day about triple rhythm 
which I regard as the pnncipal mdication for 
employing phonocardiography in the chnic 

I shall first consider that variety of triple rhvthm in 
which the second sound is single, and where we have to 
distinguish between gallop rhythm and a reduplication 
of the first heart sound (Fig 1 and 2) The clinical 
diagnosis is usually easy — in gallop rhythm, the 
extra sound is separated from the first heart sound 
by a silent interval, but there is no silent interval 
between the two constituents of a reduplicated 
first sound However, I have established by phono- 
cardiography that, exceptionally, this silent interval 
between the gallop sound and the first sound is 
lacking, and 1 have described this particular 
phenomenon as delayed presystolic gallop (galop 
prisystolique retarde) (Fig 3) In this case, the 
clinician is likely to make the serious error of mistak- 
mg a gallop rhythm, which signifies left ventricular 
failure, for a reduplicated first sound which is a 
sign of little importance Here the phonocardto- 
graph triumphs over the stethoscope In the phono- 
cardiogram, if the first constituent of the double 
sound precedes the summit of the R wave of the 
electrocardiogram, then we are dealing with a 
presystolic gallop If, on the other hand, both 
constituents of the double sound fall after the 
summit of the R wave, then we are dealing with a 
reduplication of the first heart sound 
These remarks apply to records obtained by 
the Lian-Minot phonocardiograph which is not 
sensitive to vibrations of low frequency, for its curve 
of sensitivity is almost identical with that of the 
human ear For this reason, in my phonocardiograms 
of healthy subjects, no part of the vibrations belonging 
to the first sound occurs before the summit of the R 
wave of the electrocardiogram Recently, in the 
United States, Rappaport and Sprague have sup- 
ported the view that a phonocardiograph should 
have the same curve of sensitivity as that of the ear 
Contrary to the opinion of the Argentine authonties, 
they consider, as I do, that the vibrations con- 
stituting the normal first heart sound never occur 
earlier than the summit of the R wave of the 
electrocardiogram Therefore, both components 
of a reduplicated first sound are always later than 
the summit of the R wave I have also established, 
both clinically and by phonocardiograph, that there 
are arterial reduplications of the first sound, for 


aortic or pulmonary vibrations of appreciable 
magnitude are added to the ventricular vibrations 
which constitute the first sound In these arterial 
reduplications there is a protosystolic snap of 
maximum intensity at the right or left second or 
third intercostal space 

I now come to the second variety of triple rhythm 
in which the first sound is single Here the diagnosis 
ties mainlv between a reduplication of the second 
sound and the triple rhythm of mitral stenosis I say 
this because I have established both clinically and 
by phonocardiography that the triple rhythm of 
mitral stenosis is constituted not by a reduplication 
oj the second sound but by the opening snap of the 
mitral xahe (Fig 4) 

Tnple rhythm m mitral stenosis may also be due 
to an initial reinforcement of the diastohc murmur, 
which is characteristic, or sometimes to a reduplica- 
tion of the second sound which is not charactenstic 
as it occurs in many other conditions It is there- 
fore important to distinguish a reduplicated second 
sound, which is not peculiar to mitral stenosis, 
from the opening snap of the mitral which is quite 
characteristic (Fig 5) 

I give the following rules for making this dis- 
tinction On auscultation, a reduplicated second 
sound IS best heard in the second or third left 
intercostal space, and the mitral opening snap in 
the fourth or fifth left space, or less often near the 
apex I have also found that a reduplicated second 
sound IS inaudible immediately above the sternum 
(namely, in the suprasternal notch), while the 
opening snap is often audible at this site 

In phonocardiography, I prefer to record the apex 
impulse electrically, as can be done by the electro- 
kymograph of the Lian-Minot apparatus In such 
records, the second constituent of a reduplicated 
second sound occurs during the descent of the apex 
curve, between points C and D The mitral opening 
snap occurs at point D, and the initial reinforcement 
of the diastohc murmur, still later, at point E 

It IS not essential to record the apex impulse in 
order to identify these three varieties of triple 
rhythm, for it can also be done by measunng the 
time interval between the second heart sound and 
the extra sound In the case of a reduplicated 
second sound, the extra sound occurs from 0 03 
to 0 07 sec after the commencement of the second 
sound In the opening snap of the mitral, this 
interval is 0 07 to 0 1 1 sec , and in the initial rein- 
forcement of the diastolic murmur it is 0 10 to 0 17 
sec 

In the diagnosis of mitral triple rhythm, there are 
several other possible sources of error to be con- 
sidered There is the snap I have described as the 
late systolic pleuro-pericardial snap (Fig 6) which 
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Fig 1 — Reduplication of the first 
sound The two groups of 
vibrations constituting the 
first sound both occur after 
the summit of the R wave in 
the electrocardiogram 






Fig 2 — PresystoUc gallop rhythm 
The gallop sound coincides 
with the termination of the P 
wave in the electrocardiogram 
(three leads recorded simul- 
taneously), and It is separated 
from the first sound by a 
silent interval 


Fig 3 —Retarded 
presystolic 
gallop rhythm 
The gallop 
sound coin- 
cides with the 
termination of 
the P wave 
There is no 
silent interval 
between the 
gallop sound 
and the first 
heart sound 
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Fig 4 — Mitral opening snap Above, the phonocardiogram, below, in white, 
the apical electromyogram, and m black the electrocardiogram The 
record shows, in succession, the first sound, a systolic murmur, the 
second sound, and finally the opemng snap of the mitral The second 
sound coincides with the start and the opemng snap with the termin- 
ation of the descending limb of the apical cardiogram The snap begins 
0 07 seconds after the start of the second sound 



Fig 5 — The complete phonocardiogram of a case of mitral stenosis 

(A) Above, phonocardiogram taken from the fourth left interspace, and below it, the apical electro 

myogram in black, and the electrocardiogram in white These show the two elements of the reduplicated 
second sound which coincide with the start of the descending Ime CD of the apical cardiogram then the 
mitral opening snap (CO), which comcides with the base of the descendmg line at D ’ 

(B) Below phonocardiogram taken from the apex, m the left lateral decubitus It shows successive! v 
the first sound, the second sound, the snap (CO) which is slight, and the diastolic rumble (Rd) with its 
fibnilaUon*°'^'^^°"^ accentuation There is no presystolic accentuation owing to the presence of auncular 

These two tracings were taken at the same tune and from the same patient 





96 


INTERNATIONAL CONFERENCE 


depends on an adhesion between the left pleura 
and the pericardium In 10 per cent of such cases, 
there is also a late systolic murmur between the snap 
and the second sound I have seen many cases in 
which the diagnosis of mitral stenosis was mis- 
takenly made, simply on account of this late 
systolic snap, which is of no importance The 
clinical recognition of this snap is not very difficult 
and with the phonocardiograph it is very easy 

The diagnosis between mitral triple rhythm and a 
protodiastolic gallop (Fig 7) is not usually difficult as 
other signs of left ventricular failure accompany the 
gallop 

More difficult to distinguish from mitral triple 
rhythm is the physiological third heart sound, often 


heard in young subjects It is usually intermittent 
If It IS permanent, the patient should be instructed 
to hold his breath after a deep inspiration, when the 
third heart sound will disappear immediately, a 
characteristic phenomenon 
Lastly, we must distinguish between mitral tnple 
rhythm and the sign which I have described as the 
isodiastolic or protodiastolic pericardial snap (Fig 8) 
of adhesive pericarditis This sound is heard at the 
same site as the mitral opening snap but it is louder 
When it IS very loud, you may safely make the 
diagnosis of calcifiefl pencardium 
In conclusion, I hope that I have shown you the 
great interest that attaches to phonocardiography 
in the study of triple heart rhythm 


Is 


^4 
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Pig 6 — Telesvstolic snap and murmur due to left-sided pJeuro-pcncardial adhesions Above, 
the snap (C) situated between the first and second sounds, and nearer to the second iwlow, 
the snap (C) is not pronounced, but the late systolic whining murmur is well shown between 
the snap and the second sound 
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Fio 7 — T/itrd heart sound and protodiastolic gallop Above, a third sound begins 0 13 seconds after the 

onset of the second sound Below, a protodiastolic gallop sound begins 0 1 5 seconds after the onset 
of the second sound The two records belong to different patients, but the phonocardiographic 
appearances are similar 



Fig 8 — Intense isodiastolic pericardial snap (pencardial vibration) m a case of calafied 
The snap occurs 0-08 seconds after the onset of the second sound, and is therefore 
The vibrations are of far greater amphtude than those of the second sound 


pencardium 

isodiastohc 
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Professor Crichton Bramwell (Manchester) 
said how much he appreciated the privilege of 
heanng the communication of Professor Lian, an 
acknowledged master in this subject 
He then referred to certain difficulties which he 
himself had encountered m recording the heart 
sounds In phonocardiography there were two 
distinct objectives One was to obtain a true record 
of the heart sounds and murmurs, the other to 
determine their time relation to the events of the 
cardiac cycle The second of these was relatively 
easy, but the first was much more difficult, because 
the sound picture was apt to be contaminated by 
instrumental artifacts Wigger’s optical method of 
recording heart sounds, employing a delicate rubber 
membrane and a very light mirror, was quite 
adequate for timing murmurs but did not give a 
true sound picture Professor Bramwell showed a 
phonocardiogram taken from a patient with mitral 
stenosis and partial heart block The murmurs in 
this case differed from cycle to cycle and would 
have been difficult to inteipret without a graphic 
record In cycles in which the P-R mterval was 
prolonged the presystohc murmur died away before 
the first heart sound When the ventncle failed to 
respond there was a loud murmur but no first sound, 
and m the cycles in which the P-R interval was 
normal there was no murmur Clinically the reason 
for this was obscure but the record indicated that it 
was due to the fact that these cycles followed a 
missed beat The auncle had already discharged 
its contents into the ventricle and when it con- 
tracted a second time the ventricle was already so 
full that the blood flow through the mitral onfice 
was not sufficient to produce a murmur 
He had used this method also for recordmg 
arterial sounds during deflation of the armlet m the 
estimation of blood pressure These observations 


had revealed an important artifact, namely that if 
the pick-up IS connected to the recorder by a tube, 
vibration of the air in the tube will distort the record' 
As m the case of an organ pipe, the frequency of 
vibration vanes inversely with the length of the 
tube This error is apt to contaminate all records 
in which air conduction is employed 
To obtain a true sound picture electncal con- 
duction should be used smce it is instantaneous 
Further both pick-up and recorder must have a 
natural frequency higher than that of ffie vibrations 
which one wishes to record 
With this m mind he had used a Matthews’ 
oscillograph in conjunction with a condenser micro- 
phone Both these instruments have a natural 
penod of over 10,000 a second which is well above 
the frequency of even the higher harmomcs of the 
heart sounds That this instrument does give a 
true sound picture is proved by the fact that the 
records are identical in form with those obtained 
with a cathode ray oscillograph which has no mertia 
This apparatus is excellent for research purposes, 
but IS somewhat temperamental, and it was only 
by having the collaboration of an expert physicist 
that he had been able to obtam consistently good 
results For routme clinical work we want an 
instrument that is more fool-proof, hke that of 
Lian and Minot or the Sanborn Stetho-cardiette 
Whereas the timing of heart sounds and murmurs 
by means of phonocardiography was easy, to obtam 
a true picture of the sound vibrations was more 
difficult, since the record was apt to be contammated 
by mstrumental aitifacts Both pick-up and re- 
corder should have a natural frequency higher than 
that of the vibrations of the heart sounds and 
murmurs, and transmission should be by electncal 
and not by air conduction For routine climcal 
work the instrument must be fool-proof 
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SHORTER COMMUNICATIONS 

September 12, 1947 Section of Cardiology 

The Septal Anastomosis of the Coronary Arteries 
By Prof Laubry, Pans 
No summary available 


Repettitve Paroxysmal Tachycardia 
By John Parkinson and Cornelio Papp, London 


The name “ repeUtive ” is here applied to a special 
vanety of paroxysmal tachycardia in which brief 
paroxysms separated by sinus beats constantly recur 
over months or years 

Forty new cases of repetitive paroxysmal tachy- 
cardia have been collected, half of them with pro- 
longed observation penods up to 18 years Ages 
from 4 to 75 years with two-thirds of the patients 
(including seven children) under 40 years of age, 
males predominate Of the 40 cases, only 3 had 
organic heart disease , 2 gave a rheumatic history 
but had no heart disease, 3 bad toxic goitre 
The usual symptom was palpitation, and four 
patients with ventncular paroxysms also had 
syncopal attacks Fourteen patients, including 
seven children, were symptomless 
The only clinical sign was the peculiar irregular 
pulse 

Diagnosis was based on a particular kind of 
electrocardiogram recorded at numerous successive 
examinations This almost always showed short 
paroxysms of tachycardia separated by normal 
sinus beats (paroxysmal tachycardia type), occasion- 
ally runs of multiform extrasystoles (extrasystolic 
type), more frequently both types together (muied 
type) 

The abnormal rhythm was divided as follows 

(a) Repetitive auncular paroxysmal tachycardia, 
24 cases — 16 of the paroxysmal tachycardia type, 
3 of the extrasystolic type, and 5 of the mixed type 


The average rate was 150 m children and 130 in 
adults 

(b) Repetitive auncular flutter, 5 cases, 3 with 
irregular auncular rhythm (impure flutter), one 
with probable fibrillation 

(c) Repetitive nodal paroxysmal tachycardia, 2 
cases 

(d) Repetitive ventricular paroxysmal tachycardia, 
9 cases — 7 of the paroxysmal tachycardia type with 
normal beats separatmg the runs, 2 of the mixed 
type 

Repetitive paroxysmal tachycardia provides a 
connecting link between extrasystoles and paro- 
xysmal tachycardia The extrasystolic runs are 
always irregular and so are the shorter runs of 
paroxysmal tachycardia, but the longer runs of the 
latter type are as regular as ordinary paroxysmal 
tachycardia though somewhat lower m average rate 

This paroxysmal state is uncertain in its duration, 
but it often subsides In children it may cease at 
adolescence, in adults it may last for years and then 
disappear as it did in 8 of 14 cases long observed 
The prognosis as regards disabihty and length of 
life is good both in the auricular and ventncular 
form, though there are exceptions Digitahs is 
rarely effective, quimdine occasionally controls the 
ventncular form Repetitive paroxysmal tachy- 
cardia may be regarded as a distinctive disorder 
of rhythm rather than a cardiac disease of 
consequence 


Sympathectomy for Hypertension 
By Geoffrey Bourne, London 


Dr Bourne said that he proposed to limit his 
remarks to the pathology of the condition and to 
try, from the information that was available, to 
stimulate a discussion as to whether sympathectomy 
was valuable, and at what stage of the disease it 
should be done 


The approach to that question had hitherto been 
very largely empirical, vanous observers had stated 
that m females from twenty to thirty the results were 
good, from thirty to forty not so good, and after 
fifty on the whole rather bad, but he felt that an 
attempt to decide this in terms of the numencal 
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years of a patient’s Jife was unscientific because a 
man was as old as his arteries, and many people’s 
arteries were very much younger than their years 
There had been no real, comprehensible patho- 
logical basis explaining why it was that hypertension 
occurred The only satisfactory expenmental work 
had been that of Goldblatt, and the theories of 
hypertension had, since then, been very largely 
founded upon the renin hypothesis 

Within the last few months there had, however, 
emerged further work which might have considerable 
implications, and that was the work of Trueta and 
his colleagues at Oxford They had been able to 
produce an expenmental ischsemia in rabbits by 
stimulation of the nervous system, this ischemia 
was one of the cortex of the kidney, and could be 
produced in the absence of any organic disease It 
was possible that human hypertension in its early 
stages might be due to a similar phenomenon 
Trueta and his colleagues had also shown that the 
same cortical blanching might be produced by 
vanous other means, some of them biochemical, 
and their second point was that synchronously with 
this cortical blanching of the kidney there was in 
fact developed a secondary renal circulation which 
allowed the blood to be short-circuited back into 
the kidney without ever having passed the cortex 
This had been proved by injection methods and by 
seeing arterial blood pulsating in the renal vein 
dunng the course of their experiments on animals 
They had found that animals did not all react 
in the same way, and also had some evidence that 
although the stimulus was largely through the 
nervous system it might be brought about by large 
doses of posterior pituitary extract 

Dunng the early ’teens the boy or girl liable to 
hypertension had a blood pressure that was easily 
raised by emotion, but as the years went by there 
was a more permanent increase m the systolic and 
diastolic figures, and round about the age of forty 
there was developed the clinical case of persistent 
hypertension In the earlier stages there was a 
possibility of reducing the raised blood pressure 
temporarily to normal by the use of sedatives or by 
rest in bed or starvation, and many of the other 
means that had been employed hitherto in the 
treatment of hypertension, but after a variable time 
the factor of arterial degeneration was super- 
imposed, so that in addition to spasm the hyper- 
tension was partially due to organic vascular renal 
disease Cortical spasm alone might well be the 
actual cause of hypertension in the younger, and a 
mixture of spasm and permanent renal disease in 
the older group 

He descnbed one similar to many hundreds seen 
by others, of a man of 37 years of age who, at 15 


and at 17, had been examined and found to have 
high blood pressure, and at 22 they had the first 
recorded figures, 240/160 at the age of 32 it was 
180/140 and at 37, 194/124, so that for over twenty 
years he had had considerable hypertension without 
any shortage of breath, or headaches, or any 
symptoms whatever He thought he might make 
quite legitimate deductions from such cases the 
first was that long-sustained increased pressure as 
such had no effect deleteriously on either the 
arteries or on the heart, hypertrophy only being 
caused During this first stage of hypertension 
there was available post-mortem evidence from 
young subjects, whose arteries had been exammed, 
no sign whatever of any degeneration bemg apparent, 
such cases having been knocked down m the street 
or having died of something else 

In the second stage one began to get artenal 
degeneration, and it seemed clear that this degenera- 
tion was really the first and primary cause of the 
so-called hypertensive lesions in heart, kidney, or 
retina Such degeneration in most cases was a 
manifestation of age, or wear and tear, but in a few 
young subjects the artenal tissue was affected by the 
presence of chronic nephritis 

When It came to consideration of the effects of 
sympathectomy cases seemed to be divided into 
two kinds in one case the operation succeeded, and 
in another it clearly failed — there being a temporary 
fall in the blood pressure which within three months 
or so had risen again 

It was clear they did not want to use sympathec- 
tomy too early, because such a patient might easily 
live without symptoms for twenty years with 
hypertension The actual follow-up of all cases of 
sympathectomy did not extend farther back than 
something like eight years If sympathectomy 
were done at this early stage it would be less easily 
applicable later when its help might be needed by 
the patient because of the onset of advancing arterial 
disease If a second sympathectomy were then done 
It certainly would be much more difficult technically 
Sympathectomy was equally contraindicated when 
dealing with cases that had severe or advanced 
vascular disease, particularly of the kidneys It 
would therefore seem to be their duty to try to find 
some way of judging when a patient was approaching 
the end of his period of benign hyjiertension, and 
not to leave it too late before they decided that 
sympathectomy should be done There were, of 
course, exceptions to the rule, such as those cases 
of malignant hypertension, particularly in young 
subjects with advanced retinitis who could barely 
see, but after operation could read The charts 
and retinal pictures of two such cases were shown, 
who during the post-operauve five and six months 
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had improved greatly, both as regards vision and as 
regards general health 

The family history was also helpful there were 
those individuals who had in the family a number 
of relations who had had raised blood pressure for 
many years without symptoms, and on the contrary 
there were families, many of whom seemed to die 
at the age of about forty-five Probably the safest 
guide was a regular penodic and careful exammation 
of the patient, so that one might soon become 
aware early of any fresh change that had started to 
occur A watch should be kept for a sudden mcrease 
m the already high blood pressure and close observa- 


tion of the retina should be made periodically by 
the same ophthalmic surgeon Then agam, obvious 
deterioration m the cardiac function, as shown by 
mcreasmg size of the heart and mcreasmg shortness 
of breath would immediately lead one to consider 
most carefully whether sympathectomy should or 
should not be done In such cases angma and 
coronary disease were a contramdication to 
sympathectomy The renal function should be 
similarly reassessed at mtervals Evidence of 
defimte impairment of this was also a contra- 
indication to the operation 


By Sven Hammarstrom, St Enk’s Hospital, Stockholm 


The neurosurgical treatment of hypertension was 
mtroduced m Sweden m 1940 by Ohvecrona and 
Berglund I have followed up 100 of their patients 
one to seven years after sympathectomy (Acta 
med Scand ,1947, Suppl 192) Most of the patients 
were submitted to dorso-lumbar sympathectomy 
accordmg to Smithwick and a smaller group to 
supradiaphragmatic sympathectomy accordmg to 
Peet The results of the last mentioned one-stage 
operation on the whole agree with those obtained 
with the more comphcated and extensive method 
I recommend Peets’ operation m selected cases of 
less severe hypertensive disease 

About one half of the patients m our senes 
before operation had a severe hypertensive disease 
with retinal exudates and haemorrhages The 
operative mortahty was 2 per cent and the late 
mortahty 20 per cent 

Even under so-called basal conditions there is a 
great vanabihty of blood pressure m all groups of 
hypertensive patients, which must be considered m 
the evaluation of the effect of sympathectomy I 
have studied the blood pressure before and at vanous 
lengths of time after sympathectomy by means of 
24-hour readings, which made possible a statistical 
evaluation of the significance of the post-operative 
change In 60 per cent of the papents still ahve 
there is a significant drop m systolic and diastohc 
pressure durmg the whole follow-up time This 
lowenng was regularly followed by an improvement 
or complete disappearance of hypertensive retino- 
pathy and improvement or return to normal of the 
electrocardiogram 

In 50 patients the average post-operative drop m 
systolic and diastolic pressure was essentially the 
same accordmg to 24-hour readmgs registered shortly 
after the operation and after an average time of 
three years Furthermore the average drop m 
blood pressure was the same m those exammed 


shorter and longer time than three years after 
sympathectomy 

Contrary to the long-standmg lowenng of blood 
pressure m the recumbent position, the post-operative 
orthostatic hypotension and tachycardia is transient. 
Repeated tiltmg tests after sympathectomy showed 
that the orthostatic changes gradually subsided and 
usually disappeared withm one year after sympathec- 
tomy There is furthermore no correlation between 
the amount of the pressure lowenng m the recumbent 
position and the degree of the orthostatic changes 

There is still no reliable test to predict the effect 
of sympathectomy I found no correlation between 
the postoperative change m blood pressure and its 
height, or spontaneous or mduced vanabihty before 
operation The mam indication for sympathectomy 
IS a progressive hypertensive disease with retinopathy, 
left ventricular strain, and cerebral symptoms, m 
the absence of the signs of severe orgamc vascular 
damage, which will be descnbed below We do 
not usually operate on patients with uncomphcated 
hypertension who show no other objective signs 
than elevated pressure or m addition left axis 
deviation in the cardiogram and/or shght vascular 
eye-ground changes These patients, who constitute 
the great majonty, often have a transient hyper- 
tension and only a shght excess mortahty compart 
with the average population (Bechgaard (1946), 
Acta med Scand , Suppl 172) The occurrence 
and degree of subjective symptoms m hypertensive 
disease does not run parallel with the objective 
signs Even m benign hypertension the subjective 
symptoms may be incapacitating In most of 
these patients medical and psychotherapeutical 
measures give adequate rehef In those Who are 
unimproved by such prolonged treatment sym- 
pathectomy IS advisable on account of its stnkmg 
effect on headache and other subjective symptoms 
with restitution of the working capaaty 
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An analysis of the failures of sympathectomy m 
our senes showed that the following signs con- 
tramdicated neurosurgical treatihent Impaired 
renal function shown by more than one of the 
foUowmg signs albuminuna, non-protem mtrogen 
above 45 mg per 100 ml , creatinme clearance below 
80 ml /minute, cardiac decompensation where less 


than ordmary activity chuses discomfort, and 
■v enlargement of the heart volume above 500 ml/m‘ 
body surface Valtoilar lesions and coarctation 
of the aorta must also be excluded Cerebral 
lesions with persistent symptoms such as hemiplegia 
or even advanced hypertensive encephalopathy 
contraindicate sympathectomy 


Tomography in the Study of the Cardiovascular System 
By E Tiscenco and J H Wright, Glasgow 


An attempt was made to illustrate the application 
of tomography of the cardiovascular system by 
lantern shde demonstration In the absence of the 
apparatus for tomographic screenmg, a procedure 
was suggested by which the accuracy of the tomo- 
graphic positiomng, particularly for obhque pro- 
jectioni, can be enhanced 

The pulmonary vascular structures in health and 
m emphysema were demonstrated 
The vanous parts of the normal aorta were 
shown followed by the appearances of the aorta in 
atheroma and m aneupysms 
The normal left atnum was displayed by a tomo- 
graphic section and compared with the appearances 
m varying degrees of its enlargement When 
straight exammations are mconclusive tomography 
may be of diagnostic value 


The outflow and inflow tracts of the right vgntncle 
were tomographically defined Examples of eccen- 
tnc and concentnc hypertrophy of the left ventncle 
in hypertension were given 
A structure seen m several tomographs, sub- 
stantiated by anatomical companspn as well as by 
demonstration of the lobus venae azygos, was shown 
to be consistent with the major azygos vem 
The last section of the demonstration was con- 
fined to the differentiation of pathological shadows 
projected close to or into the cardiovascular 
structures 

Although the study was not conclusive, it ivas 
hoped that improvement m the mechamcal side of 
tomography would not only enhance its accuracy 
but fully justify its apphcation in the study of 
cardiovascular radiology 
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When It has been decided to give digitahs to a those recommended were used The relative value 
patient with heart failure, the need for mducmg its of these preparations was studied m 20 patients 
effects quickly (rapid digitalization) is sometunes The most satisfactory mdex of digitalization is the 
evident There is no unanimity on the best pre- fall m the ventncular rate m auncular fibrillation 
paration to use for this purpose nor on the best way and this was used, but improvement m the objective 
to give the preparation of choice Mackenzie(1914) signs of failure was also observed and so was the 
said that he seldom failed to mduce rapid digitalis diuretic response Because no digitalis preparation 
effect by givmg the drug by mouth, but occasionally was to be given between the testmg of each mdividual 
m auncular fibrillation when the heart rate exceeded preparation, cases with severe heart failure could 
140 a mmute he had found that strophanthm (1/125 not be used Cases of rapid auncular fibrillation 
gram) mtravenously reduced the rate and reheved with shght or moderate congestive heart failure, 
symptoms m five to eight hours From his own were selected The patients had rmtral stenosis, 
observation he saw no reason to give preference to occasionally combmed with aortic mcompetence, or 
any preparation, but he pomted out the need to had hypertension They were confined to bed on a 
mvestigate this problem In 1925 Cushny agam normal hospital diet and flmds were restncted The 
stressed the necessity to examine the comparative flmd mtake and unnary output were measured, 
value of digitahs preparations The apical rate was particularly recorded and any 

There is available a comparison of senes of change m the signs of heart failure was looked for 
patients on different drugs with a digitahs effect. The majonty received no other treatment, apart 
but the relative value of two or three preparations from sedatives when necessary, but m a few with 
m the same patient has seldom been reported The moderate oedema mercunal diuretics were not with- 
present cUmcal tnal was designed to discover the held, they were not given durmg the testmg penod 
most effective preparation for rapid digitalization for the separate digitalis preparations nor on the 
when given oraUy or mtravenously, by companng precedmg day After a few days of prehmmary 
the effect of as many preparations as possible m the observation, and after ensurmg that no digitalis had 
same patient and under the same conditions This been given durmg the previous seven days, the first 
procedure does not appear to have been adopted preparation was given The apical rate was counted 
for rapid digitalization as it has been done m the over three consecutive half mmutes, the respuation 
case of mamtenance therapy (Evans, 1940) and blood pressure were also noted The drug was 

It was decided to test the followmg drugs as then given, and the heart rate was counted for three 
likely to prove of value strophanthm, ouabam and consecutive half-mmute penods every quarter of an 
k-strophanthosid, digoxm, digitoxm, lanatoside C, hour, until it had ceased to fall over a penod of one 
digitalis leaf, and the tmcture of digitalis In addi- and a half to two hours It was found m practice 
tion, certam remedies like coramiile and cardiazol that the fall was almost always complete withm 
were given to certain cases as a control In order four hours Symptoms and signs of toxicity were 
that the results might be comparable it was necessary sought Subjective and objective signs of improve- 
to give a full dose of each drug In the earher cases ment were noted dunng the followmg forty-eight 
varying doses of some preparations were tned and hours although a noticeable change was noi found 
in certam instances doses considerably larger than because of the relative freedom from symptoms 

* This work formed the basis of a thesis submitted by P D and accepted for the M D Dputw 
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shown by the selected cases while at rest in bed A 
conspicuous diuretic response seldom resulted in 
these patients with only slight heart failure, and it 
was too erratic to be accepted as a measure of the 
benefit Reliance was placed on the heart rate as 
a cntenon of improvement in the selected cases, 
dunng a short penod following the administration 
of a particular digitalis preparation 
The following is an example of how each trial 
Was recorded 


This experimental error, with a vanation between 
the first and second preparation greater than be- 
tween succeedmg preparations, was never great, 
and was partly overcome by giving the preparations 
in a different order to each patient, a practice always 
adopted The number of tests that it was possible 
to carry out m each case was thus hmited by the 
failure of the ventricular rate to nse to a comparable 
level after a vanable number of tests In several 
cases after the first preparation it did not nse sufB- 


Name CIS Age 31 Date 22/11/45 

Diagnosis and Summary Mitral stenosis, auricular fibrillation, and heart failure 
Observation Efiect of 3 mg digoxin given orally 


Time 


10 30 ajn 

10 45 am 
110 am 

11 15am 
11 30 am 

11 45 am 
12 0 pm 

12 15pm 

12 30 p m 
12 45 pun 
10 pm 
1 15 p m 
1 30 pm 

1 45 p m 

2 0 pm 
2 15 p ra 
2 30 p m 

2 45 p m 

3 0 pm 
3 15 p m 
3 30 p m 

3 45 p m 

4 0 pm 
4 15 p m 
4 30 p m 

4 45 p m 

5 0 pm 
5 15 pm 
5 30 p m 
60 pun 
8 0 pm 

23 II 45 
Sam. 


Ventncular rate 

Respiratory rate 

Blood pressure 

140134 146 


120/80 

142 130 130 

18 


114128126 



124 130 132 


115/70 

140 138 124 



116 116 116 

16 


130 120 116 



104 108 108 


110/75 

120110 110 



116 106 no 

14 


118 98 106 



98 98 106 


110/70 

100 88 

94 



96 92 

92 

14 


104 86 

92 



84 80 

84 


110/75 

86 84 

92 



82 76 

74 

14 


74 80 

76 



74 84 

80 


110/75 

76 74 

74 



74 80 

94 



86 86 

84 


120/80 

80 80 

88 



78 80 

82 



88 84 

80 



80 84 

78 



80 78 

76 



76 80 

80 



80 84 

80 



74 72 

68 




Remarks 


Digoxin 3 0 mg given orally 


Haddinner 12 20pjn Onset of nausea, 
unable to eat pudding 
Very nauseated 
Nausea less 

Nausea completely gone 


No diuresis took place 


The patient received no further digitahs for a 
period of three to fourteen days, until the ventncular 
rate had returned to its previous level and the eflFects 
of the previous preparation had worn off The 
length of time vaned with the different preparations 
On many occasions the ventncular rate did not 
return exactly to its previous rate, tendmg to settle 
at a lower level after a tnal with each preparation 


ciently for a fair comparison to be made with suc- 
ceeding preparations and such were excluded from 
the senes For this reason it proved difficult to 
collect a senes of suitable patients for this investi- 
gation 

Results 

The cntenon adopted for the effectiveness of a 
preparation has been the fall in heart rate produced 
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by It The results are summarized m the form 
of graphs showmg this fall m heart rate The fall 
shown at each time period is an average of the 
preceding half-hour or hour’s readmgs, deducted 
from the average imtial rate before the admimstra- 
tion of the drug, and thus represents the effect of 
the drug during the preceding half-hour or hour 
They are arranged usually m the order of effective- 
ness, and not m the order the drugs were given, for 
this was dehberately vaned 
The extent of the fall m heart rate produced by 
a digitahs preparation has been shown to be closely 
related to the imtial heart rate (Lyon and Gilchrist, 
1927), as would be expected The tendency of the 
heart rate to faU throughout the penods of tnal m 
most cases, comadmg with the improvement of 
heart failure, has already been mentioned It is 
seldom possible to simulate laboratory conditions 
m a clmical mvesbgation, and it could not be 
antiapated that any patient would be m exactly 
the same state pnor to the admmistration of each 
preparation The consistency of action of a drug 
in the same dosage and m the same patient was 
tested in two cases « In one case, receiving 1 5 mg 
of digoxm by mouth on two occasions with a week’s 
interval, although the mibal heart rate was almost 
identical m both trials, the effect was different 
whereas m another ckst the effect was almost 
identical (Fig 1) On the whole drugs were found 


that will produce a full digitalis effect is known 
to vary a great deal in different patients, a fact that 
was apparent m these trials With the lesser doses, 
unless a satisfactory therapeutic action had taken 
place, there was no certamty that the patient had 
received what was for him a full dose of that pre- 
paration, and the result could not, therefore, be 
fairly compared with the action of another pre- 
paration For the purpose of comparison of the 
different drugs, a minimum full dose was chosen 
for each preparation, based partly on the result of 
these tnais and partly on previous expenence A 
further difhculty was the vanabihty m the time taken 
to mduce proper digitalization m relation to the 
size of the dose when given by mouth With large 
doses, such as 3 mg of digoxm by mouth, an effect 
was seen more rapidly than with smaller doses, 
although the final effect might be the same It was 
occasionally noticed with oral administration that 
the full effect was not seen withm four hours, so 
that when comparing two drugs the results observed 
withm four hours might reflect the dosage rather 
than the effectiveness of the preparation With 
mtravenous therapy the maximal effect was m- 
vanably seen wit^ four hours and comparison 
with an oral preparation mi^t on that account be 
open to the same fallacy at times 
As this study was undertaken to ascertain the 
best preparations for rapid digitalization some time- 
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Fio 1 — CompannB the effects of repeated digitalis 
Dedication in the same patient In Case 1 the 
effect of 1 5 mg of digoxm by mouth was not 
the same, but m Case 6 the effect of 2-0 mg 
of digoxm by mouth was identical on each 
occasion. Contmuous and discontmuous Imes 
represent separate tnais with one week’s 
mterval 

to reproduce the same result with remarkable 
consistency m successive cases 
A further difficulty was the detennmation of the 
size of the dose for each patient The amount 


Drug _ 

A 



Change In Heart Rate 

Pall Rise 

10 

5 

- 0 
5 

10 

15 

20 

25 

30 

35 

40 

-v/- 
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1 
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Fio 2. — ^Rapid digitalization m a man aged 60 with hyper- 
tension and aimcular fibrillation (A) Digitalme (Nah- 
vdle), 2 0 mg. by mouth (B) Digoxm, 2 0 mg by mouth. 
(Q K-Strophanthosid, 0 5 mg mtravenously 

limit had to be apphed withm which the effect would 
be regarded as rapid Four hours was selected as a 
suitable penod for it represents the time which may 
be regarded as maximal m a patient requiring rapid 
digitalization The comparison of results, there- 
fore, has been based entirely on a preparation’s 
effectiveness withm that period 
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In giving the results each drug is considered m 
turn and its effectiveness judged m each patient A 
digitalis effect was classified as good when the fall 
m heart rate within four hours was 75 per cent of 
the maximal fall produced fay any preparation in 
that patient, moderate between 50 and 75 per cent, 
and shght below 50 per cent This method of 
assessing the therapeutic effect was possible, as an 
optimum result was produced m all patients, with 
the exception of one, by at least one preparation 
The results are summanzed in the form of a Table 
for each drug, showing the number of times it was 
more, equally, or less effective than the others, 
withm two and within, four iours The effect of 
two preparations was regarded as equal if the 
difference in the fall of the heart rate was not more 
than 5 per cent of the maximum produced fay any 
drug m that patient Tables I to 7 show the number 
of times each preparation proved more effective 
than the other, but they do not show the relative 
differences Table 8 shows the consistency of 
effectiveness of each drug in different doses The 
actual change m the heart rate from different pre- 
parations m the same paUent is shown m Fig 2 to 20 
Other remedies ^ Tliese were introduced solely 
for the purpose of controlling the results obtamed 
from the use of active preparapons 
Coramine (Nikethamidum BP), descnbed as a 
respiratoiy and vasomotor stimulant, was given 
once m a dose of I 7 ml and four times in a dose of 
3 4 ml of a 25 per cent solution intravenously In 
one case its administration was followed by momen- 
tary dizzmess, but no other effect was noted and 
there was no significant change in the heart rate 
Cardiozol (Leptazolum BP), a convulsant m 
large doses, and stated to be a respiratoiy and vaso- 
motor stimulant m smaller doses, was given to 


two cases m a dose of 2 ml mtravenously In one 
case the rate rose from 100 to 105 during the fixst 
five mmutes and remained at about this level for 
the first hour, but dunng the second hour it averaged 
125 In another the injection was followed by a 
sensaPon of dizzmess lasPng eight mmutes The 
heart fate rose from 105 to 140 

Analeptic preparation 3067/16 (Roche) was given 
intravenously once Two mmutes later the paPent 
expenenced severe dizziness and mental excitement 
which passed off gradually A slight nse m the 
heart rate took place 

Cychton was given once m a dose of 2 ml mtra- 
venously The heart rate rose sharply followmg 
the injection 

Strophanthin 

gtrophanthin was given mtravenously 6 Pmes m 
a dose of 1/100 gr (0 65 g) and 4 times m a dose 
of 1/60 gr (1 08 mg) In a dose of 1/100 gr it 
had a good effect once, a slight effert once, and 
practically none m another In two cases a sharp 
fall m the heart rate occurred dunng the first hour, 
but it had risen to ife previous level by the fourth 
hour In one case it was followed by a slight nse 
m rate In a dose of 1/60 gr it had a good effect 
three times, and a shght effect once No tome 
effects were seen From previous reports 0 5 mg 
IS generally regarded as the maximal safe dose, and 
this, therefore, was considered to be a full dose for 
the purpose of compansorr It was compared with 
ouabain mtravenously 3 times, strophosid intra- 
venously 3 Pmes, digalen mtravenously twice, 
digoxm by mouth 14 pmes, digoxm mtravenously 
10 Pmes, digitahne (NaPvelle) by mouth once, and 
Janatoside C mtravenoilsly 3 times The results are 
shown m Table I 


TABLE I 

The Effect of Strophanthin intravenoosly Compared with that of Other Preparations 


1 


1 Effiaency of Sttophanthm compared with other PrcparaPons 

Drug for companson 

No of 
tnals 

Within 2 hours 

Within 4 hours 


Greater 

1 

Equal 

Less 

1 Greater 
( 

Equal 

Less 

Ouabam ' 

Strophosid 

Digalen 

Digitahne (NaPvelle) (m) 

Digoxm (m) 

Digoxm (v) 

Lanatoside C (v) 

m 

3 1 

j 1 

1 1 

6 

1 i 

I 

1 

; 

2 

1 

7 

1 8 

' 2 

2 

7 1 
2 j 
1 

1 

1 ^ 

1 

2 

1 

1 

12 

9 

' 2 


In this and in other tables (m) indicates that the preparaUon was given by mouth and (v) mtravenously 
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Ro 3 —Rapid digitalization in a woman aged 
61 with mitri stenosis and auncular fib- 
nllation (A) Digitalme (Nativelle), 1 75 
mg by mouth, (B) Lanatoside C, 1 2 
mg. intravenously 



Fio 4 — ^Rapid digitalization m a man aged 54 with hyperten- 
sion and auncular fibnllation (A) Digoxm, 1 5 mg. by 
mouth. (B) Digoxm, 1 5 mg mtravenously {Q Lanatoside 
C, 1 5 m^ mtravenously (D) Digitaline (Nativelle), I 2 mg 
intravenously 



Fig 5 — Rapid digitalization in a woman with mitral stenosis and auncular fibrillation (A) Cora- 
mme, 3 4 ml. intravenously (B) Lanatoside C, 1 0 mg by mouth (Q Lanatoside C, 1 mg 
mtravenously (D) K-Strophanthosid, 1 ml mtravenously (E) Strophanthm, 1/60 gr in- 
travenously (F) Digoxm, 2 0 mg by mouth (G) Digoxm, 1 5 mg. mtravenously (H) 
Digalen, 1 ml mtravenously (I) Digoxm, 3 0 mg by mouth 



Fig 6 — Rapid digitalization m a man with hypertension and auncular fibnlla- 
tion (A) Analeptic 3067/16 (Roche), 2 ampoules intravenously (B) 
Cardiazol, 2 ml mtravenously (Q Corammc, 3 4 ml intravenously (D) 
Tincture of digitalis, 2 drachms by mouth 
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Fio 7 — Rapid digitalization in a woman aged 37 with mitral stenosis and aunc- 
ular fibrillation (A) Digoxm, 1 5 mg. by mouth (B) Digitalme (NativeUe), 
2 0 mg by mouth (Q Lanatoside C, 3-0 mg by mouth (D) K-Stro- 
phanthosid, 0 5 mg intravenously 



Fia 8 — ^Rapid digitalization m a woman aged 57 with hypertension and auncular fibnilation. 
(A) Digitalme (NativeUe), 1 25 mg' by mouth (B) Digoxm, 1 25 mg by mouth (Q 
Digitalme (NaUveUe), 1 2 mg mtravenously (D) Digoxm, I 25 mg mtravenously (^ 
Ltmatoside C, 1 5 mg mtravenously 



FXG 9 — ^Rapid digitalization m a woman aged 48 mitral stenosis, 
aortic incompetence, and auricular fibrillation (A) Digoxm, I 5 mg 
mtravenously (B) Digitalme (NativeUe), I 5 mg mtravraomly (C) 
Digitalme (NativeUe), 1 5 mg. 1^ mouth (D) Lanatoside C, I 5 mg 
mtravenously 
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Fig 10 — Rapid digitalization m a man aged 29 with mitral stenosis and auncular fibnllation (A) K- 
Strophanthosid, 0 5 mg intravenously (B) Digitaline (Nativelle), 2 0 mg by mouth (Q Digoxm, 
2 0 mg by mouth (D) Lanatoside C, 3 0 mg by mouth (E) L^natoside C, 1 5 mg intravenously 
(F) Digitalme G^ativelle), 1 5 mg mtravcnously 



Fio 11 — I^pid digitalization m a man aged 31 with mitral stenosis and auncular fibnllation tAl TanP 
tiKide C, 3 0 mg by ^ouA (B) K-Strophanthosid, 0 5 mg. mtravenously (Q Digitalme (Nativelle 


\ 
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Fio 12 — ^Rapid digitalization m a woman aged 34 with mitral stenosis and auncular SbnJIation (A) Lana- 
toside C, 3 0 mg by mouth (B) Coramme, 1 7 ml mtravenously (Q Lanatoside C, 0 8 mg intra- 
venously (D) K-Strophanthosid, 1 ml mtravenously (E) Digoxin, 3 0 mg by mouth (F) Digoxm 
1 5 mg mtravenously 



Fig 13 — Rapid digitalization m a man aged 45 with mitral stenosis and auncidar fibnllation (A) Cardiarol, 2 ml 
intravenously (B) Ouabain, 1/240 gr intravenously (Q Strophanthin, 1/100 gr mtravenously 
mine, 3 4 ml mtravenously (E) Strophanthm, 1/60 gr mtravenously (F) Digoxm, 1 5 mg by mouth (Gj Dig- 
oxm, 1 0 mg mtravenously (H) Digoxm 1 5 mg chewed (I) Digoxm, 3 0 mg by mouth 
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Pig' 14 — Rapid digitalization m a man aged 54 with hypertension and auncular fibnllatioo 
(A) Digitalis leaf, 6 grams by mouth (B) Tmcture of digitalis, 2 drachms by mouth (Q 
Digitahne (Allen and Hanbury), 1/30 gr by mouth (D) Strophanthin, 1/100 gr intra- 
venously (E) Digoxm, 1 3 mg by mouth (F) Digoxm, 1 0 mg mtravenously 



Fig 15 — Rapid digitalization m a man aged 61 with hypertension and auncular 
fibnllation (A) Strophanthin, 1/100 gr mtravenously (B) Digitahne 
(Allen and Hanbury), 1/30 gr by mouth (C) Digoxm, 1 5 mg by mouth 
(D) Digitahs leaf, 6 gr by mouth (E) Digoxm, 1 0 mg mtravenously 














































Fig 17 — ^Rapid digitalization in. a woman with mitral stenosis and auncular fibnllation (A) Coramme, 
3 4 ml intravenously (B) Digoxin, 1 0 mg by mouth (Q Digoxin, 2 0 mg by mouth (D) 
Digoxin, 2 0 mg by mouth (E) Strophanthm, 1/60 gr intravenously (F) Digoxm, 1 0 mg mtraven- 
ously (G) Lanatoside C, 0 8 mg mtravenously (H) K-Strophanthosid, I ml intravenously 



Fio 18 — Rapid digitalization in a man aged 46 with mitral stenosis and auricular fibrillation 
(A) Digitahne (Allen and Hanbury), 1/30 gr by mouth (B) Tincture of digitahs, 2 drach^ 
by mouth (Q Digitalis leaf, 6 gr by mouth (D) Strophanthin, 1/100 gr intravenously 
rhgoxm, 1 5 mg by mouth CF) Digoxm, 1 0 mg mtravenously 
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Fio 19 — ^Rapid digitalization m a woman aged 76 with mitral stenosis and auncular fibrillation. (A) Cycli- 
ton, 2 ml mtravenously (B) Digitalme (Nativelle), 1/240 gr mtramuscularly (C) Ouabain, 1/240 gr 
mtravenously (D) Digalen, 1 ml mtravenously (E) Digoxm, 1 mg mtravenously (F) Strophan- 
thin, 1/60 gr mtravenously (G) Lanatoside C, 4 ml mtravenously (H) K-Strophanthosid, 1 ml 
mtravenously 



Fio 20 — Rapid digitalization m a woman aged 36 with mitral stenosis and auricular fibnl- 
lauon. (A) Strophanthm, 1/100 gr mtrav’enously (B) Digoxm, 1 5 mg. by mouth (Q 
Digoxin, 1 5 mg chewed, (D) The same as C (E) Digoxm, 1 5 mg by mouth (F) 
Digoxm, 1-0 mg mtravenously ’ 
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Ouabain was given intravenously m a dose of 
1/240 gr to two cases It produced no effect in 
one case and only a slight effect in another It was 
not given a sufficient number of times to justify any 
comparison with other drugs 

Strophosid 

Strophosid (Sandoz) in a dose of I ml containmg 
0 5 mg of k-strophanthosid, was given 9‘ times 
It produced a good effect in 5, a moderate 
effect m 2, and a slight effect in 1 case In one there 
was a considerable fall dunng the first two hours, 
but the heart rate had returned almost to its previous 
level by the fburth hour In the absence of any 
previous reports of the drug, the dosage of 1 ml 
recommended by the manufacturers was regarded 
as a full dose It was compared with strophanthm 
intravenously 3 times, with ouabain once, with 
digoxm by mouth 8 times, with digoxin intraven- 
ously 5 times, with digitalme (Nativelle) by mouth 
4 times, with digitalme (Nativelle) intravenously 
3 times, and with lanatoside C intravenously 7 times 
The results are summanzed in Table n 


Digitalis tincture and leaf 

The tincture was given by mouth 3 tunes in a 
dose of 2 drachms It had practically no effect in 
2 cases, and only a sbght effect in one within four 
hours Digitahs leaf by mouth in a dose of 6 grams 
was given 3 times In one case its administration 
was followed by a shght nse m heart rate, in one 
by a slight fall and m the third there was no change 
As the full comparable dose of digitahs leaf hes 
between 1 5 and 25 grams these results could not be 
compared with other preparations 

Digalen, a water soluble preparation of total 
digitalis alkaloids, was given twice mtravenously m 
a dose of 1 ml It produced a good effect m one 
case, and a moderate effect m the other It was 
not given a sufficient number of times to allow 
companson with other drugs 

Digitalme (Allen and Hanbury) was given three 
times by mouth m a dose of 1/30 gr (2 2 mg ) In 
no case did a sigmficant fall in the heart rate occur 
withm four hours 


TABLE n 

The Effect of Strophosid Intravenously Compared with that of Other Preparations 




Efficiency of Strophosid intravenously compared with,that of 

Drug for companson 

No of 
tnals 



other preparaUons 



1 Withm 2 hours 

Withm 4 hours 



Greater 

Equal 

Less 

Greater 

Equal 

Less 

Strophanthm 

3 

2 

I 

1 

— 

2 

1 

1 

— 

Ouabain 

1 

— 

— 

1 

I 

Digalen 

2 

1 

— 

1 

1 

— 

Digitalme (Nativelle) fm) 

4 

2 

2 

— 

1 1 

— 

1 

Digitalme (Nativelle) (v) 

3 

— 

1 

3 


I 

3 

Digoxin (m) 

8 

4 

3 

2 


Digoxin (v) 

5 

3 

' 7 

2 

3 

1 

z 

Lanatoside C (v) 

7 

3 

3 

3 

J 


TABLE in 


The Effect of Digitaline (Nattveixe) by Mouth Compared with that of Other Preparations 



■n 

Effiaency of digitalme (Nativelle) by mouth compared with that 





of other preparations 



Drug for companson 

Withm 2 hours 

1 Withm 4 hours 


■■ 

Greater 

Equal 

Less 

Greater 

Equal 

Less 

Strophanthm 

1 

— 



1 1 
•3 

— 

1 

2 

Strophosid 

4 

' 

z 

1 

1 


•7 

1 

1 

1 

1 

Digitalme (Nativelle) (v) 

4 

■ 


4 

Digoxin (m) 

5 

3 

1 


2 

Digoxin (v) 

3 

i 1 

1 

' A 

I 

4 

Lanatoside C (v) 

5 
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TABLE IV 


The Eftect of Dioffaune (Natfvelle) Intravenously Compared \vffh that of Other Preparations 


' i 

Drug for companson 

1 1 

No of 
tnals 

1 

Efficiency of digitalmc (Nativelle) intravenously compared with 
that of other preparations 

Within 2 hours 

Within 4 hours 

Greater 

Equal 



Equal 

Less 

Strophosid 

3 




3 

— 

— 

Digitalinc (Natnellc) (m) 

4 

3 


0 

2 

1 

I 

Digoxm (m) 

2 

2 



1 

— 

1 

Digoxm (v) 

6 

2 

Bl 


2 


4 


Digi/alinc (Nali\clle) 

This preparation was given by mouth 8 times , 
once as 1 25 mg wth slight cfTcct, once as 1 3 mg 
with moderate cfTcct, once as 1 5 mg wath good 
effect, once as I 75 mg with good effect, and four 
times as 2 mg , with this dosage it had a good effect 
twice, moderate once, while on one occasion there 
was no fall in the heart rate The full dose by 
mouth is generally accepted as 1 2 mg and this 
was taken as the minimum for purposes of compan- 
son Jt was compared with strophanthin intra- 
venously 4 times, with digoxin by mouth 5 times, 
with digoxin intravenously 3 times, and with lana- 
toside C intravenously 5 times (see Table III) It 
was given intramuscularly in a dose of 0 27 mg in 
one case when a slight fall in heart rate occurred 

It was given 7 times intravenously Once in a 
dose of 0 22 mg it produced a sustained fall in 
heart rate, three times in a dose of 1 2 mg it had 
a good effect and 3 times as 1 5 mg it also had a 
good effect The full intravenous dose is generally 
accepted as 1 2 mg It was compared with stro- 
phosid intravenously three times, with digitaline 
(Nativelle) by mouth four times, with digoxin by 
mouth twice, and with lanatoside C intravenously 
SIX times TTie results are shown m Table IV 

Digoxin 

The relationship of the oral to the intravenous 
dose of digoxm, and the size of the full therapeutic 
dose was studied in 1 1 cases, because this did not 
appear to be known and because the full doses 
which have been generally recommended appeared 
to be madequate The effectiveness of digoxin when 
chewed was studied on three occasions In one case, 
I 5 mg. was chewed with the same effect on two 
o^^casions The same dose was swallowed twice by this 
patient, produemg once a shghtly better effect than 
when It was chewed, and on the other a much lesser 
cttecL In another case, 1 5 mg was chewed on 
one occasion and swallowed on another It pro- 


duced a better effect when chewed, but the actual 
fall in heart rate was not great and the difference 
in effect of the two methods of administration was 
slight 

In two cases an equal dose was given intraven- 
ously and orally In each a very much better effect 
was obtained with the intravenous dose In one 
case an oral dose one-third times larger than the 
intravenous dose was given, the intravenous dose 
was slightly more effective On seven occasions 
the oral dose was one-half tunes larger than the 
intravenous dose and each time the intravenous 



.u — j u cuccii oi oigoxm given by 

mouth and half the amount given intravenously in 
three ca^ In Case 2 digoxin, 3 0 mg was given 
by mouth (represented by discontinuous lines) and 
1 5 mg intravenously (continuous lines) In Case 6 
di^xin, 2 0 mg was given by mouth and 1-0 me 
intravenously In Case 9 digoxm, 3 0 mg was oven 
by mouth and 1 5 mg mtravenously 
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dose produced a better efre 9 t, usually much better 
In two cases the oral dose was twice the intravenous 
dose, and an equal effect was obtained In a third 
case an oral dose twice the intravenous dose was 
given on two occasions, the intravenous dose was 
slightly more effective (Fig 21) Although occa- 
sionally the effect of digoxin by mouth was not 
complete within four hours, any further effect was 
very slight 

Digoxm was given by mouth 18 times It was 
given as 1 0 mg once with good effect, as 1 25 mg 
once with moderate effect, as I 5 mg eight times, as 
2 0 mg four times, and as 3 0 mg four times In 
the 8 cases that received 1 5 mg a good effect was 
seen three times, a moderate effect four times, and 
no effect once With a dose of 2 0 mg a good effect 
was seen three times, and there was no fall in the 
heart rate m one case With a dose of 3 0 mg a 
good effect was seen m all four cases Tlie mimmal 
full dose ^vas regaVded as 1 25 mg for the purpose 
ofcompanson It was compared with strophanthin 
mtravenously 14 times, with ouabain intravenously 


twice, with strophosid intravenously 8 times, with 
digalen intravenously twice, with digitalme (Nati- 
velle) by mouth 5 times, with digitaline (Nativelle) 
mtravenously twice, with digoxin intravenously 14 
times, and with lanatoside C intravenously 7 times 
The results are shown in Table V 
Digoxin was given intravenously 14 times It 
was given as 1 0 mg 8 times, producing a good 
effect in seven and a moderate effect in one, as 
1 25 mg twice, producing a good effect once, and 
an ectopic rhythm m the other, as 1 5 mg 4 times 
producing a good effect 3 times and a moderate 
effect once The mimmum full dose intravenously 
was regarded as 1 0 mg It was compared with 
strophanthin intravenously ten times, with ouabam 
intravenously twice, with strophosid mtravenously 
five tunes, with digalen twice, with digitalme (Nati- 
velle) by mouth three times, with digitalme (Nati- 
velle) mtravenously four tunes, with digoxm by 
mouth fourteen times, and with lanatoside C mtra- 
venously eight times The results ate shown m 
Table VI 


TABLE V 

The Effect of Digoxin by Mouth Compared with that of Other Preparations 


Drug for comparison 


Strophanthin 
Ouabain 
Strophosid 
Digalen 
Digoxin (v) 

Ehgitahne (Nauvellel (m) 
DigitaJine (Nativelle) (v) 
Lanatoside C (v) 


No of 
trials 


14 

2 

8 

2 

14 

5 

2 

7 


E/fiaency of digoxm by mouth compared with that of other 
preparations 


Within 2 hours 


Greater 


7 

1 

3 

1 


Equal 


Less 


14 

3 
2 

4 


Within 4 hours 


Greater 


12 

2 

5 

1 

3 

4 
1 
4 


Equal 


Less 


2 

1 

8 

1 

1 

3 


TABLE VI 

The Effect of Digoxin Intravenously CbMPARED with that of Other Preparations 




Effiaency of digoxm mtravenously compared vwth that of other 


No of 
trials 



preparaUons 



Drug for companson 

Withm 2 hours 

j Withm 4 hours 



Greater 

Equal 

Less 

Greater 

Equal 

Less 

Strophanthin 

Ouabain 


8 

2 

1 

1 

3 


1 

3 

Strophosid 


1 2 

1 0 



1 1 

1 


Digalen 




1 

2 

1 2 



1 

Digitahne (Nativelle) (m) 
Digitalme (Nativehe) (v) 

mm 

2 

2 

14 

— 

2 

8 

1 

3 

1 

3 

Digoxm (m) 


1 

5 

2 


6 

Lanatoside C (v) 

Hi 

z 
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Lanatoside C 

Lanatosidc C \\’as given by mouth 5 times Once 
in a dose of 1 0 mg there xras a temporary fall in 
the heart rate, which, ho\\e\er, rose almost to its 
previous level wthin four hours It was given four 
tunes as 3 0 mg In one ease a fall in heart rate 
did not occur, in another there was a slight fall, 
while in a third a moderate fall took place In the 
last three there was an initial fall in rate, but it 
returned to the prcMOus level within three hours 
As the full dose of lanatosidc C is probably about 
10 mg by mouth, for its rate of absorption is 
variable, its effect could not be compared with that 
of other preparations 

Lanatosidc C was given intravenously 11 times 
In a dose of 0 8 mg it had a good effect in two 
eases, and moderate in one As 1 0 mg it was given 
once producing a moderate effect, and as 1 2 mg 
once producing a good effect It was given 6 times 
as 1 5 mg with a good effect in all eases For 
purposes of companson 0 8 mg intravenously 
was regarded as a full dose It was compared with 
strophanthin intravenously three times, with ouabain 
intravenously once, with strophosid intravenously 
seven times, with digalcn intra\cnously twice, with 
digitaline (Nativellc) intravenously six times, with 
digitalme CNativclle) by mouth five times, with 
digoxin by mouth seven times, and with digoxin 
intravenously eight times The results arc shown 
m Table VII 


nine, and digitaline (Nativelle) intravenously once 
out of six Intravenous digoxin was given 14 times 
and a very rapid effect was seen 8 times With 
lanatosidc C intravenously a very rapid efiect 
occurred in 7 out of 10 tnals 

Toxic effects Several cases expenenced shght 
nausea after some preparations, but m only three 
cases did vomiting occur Paroxysmal tachycardia 
occurred in one patient IJ hours after receivmg 
1 25 mg of digoxin mtravenously , it lasted for 
10 hours and was not accompanied by any distress 

Discussion 

In earlier times ideas on the dosage of digitahs 
became confused, and its value to some extent 
suffered on this account Generally it was used m 
inadequate doses, and m the absence of any method 
of standardizing the strength of such a potent drug 
It IS not surprising that physicians tended to err on 
the side of under-dosage Many workers have ^ 
pointed out the variations in potency of prepara- 
tions assayed by animal experiments and the differ- 
ences m effect, when applied to man, of prepara- 
tions having the same potency by anunal assay 
(Cushny, 1925 , Gold et al , 1941 a, b , Gold 
and Cattell, 1941 , Lyon and Gilchnst, 1927), but 
the introduction of such pharmacological assay has 
nevertheless been a great advance m the use of 
digitahs 

Mackenzie (1914) advised “steadily to push the 


TABLE VII 

The Effect of Lanatoside C Intravenously Compared with that of Other Preparations 


Efficiency of lanatoside C intravenously compared with that of 
other preparaUons 


Drug for companson 

No of 
tnals 

1 

Within 2 hours 

Within 4 hours 

1 

j Greater 

Equal 

Less 

Greater 

Equal 

Less 

Strophanthin 

3 

2 

1 

- 


— 

1 

Ouabain 

1 

I 

— 

— 


— 


Strophosid 


l 3 

1 

3 


1 

3 

Digalen 


1 1 

— 

1 

1 



1 

Digitaline (Nativelle) (m) 



1 

— 

4 

1 


Digitaline (NaUvelle) (v) 





2 

4 

— 

2 

Digoxin (m) 



— 

3 

4 


3 

Digoxin (v) 

8 


1 

2 

6 


2 


Fery rapid digitalis action Full digitalis effects 
withm one hour were only seen with intravenous 
administration A fall occasionally occurred within 
15 to 30 mmutes Strophanthin produced such a 
rapid effect once m a dose of 1/60 gr , out of a total 
of mne mtravenous administrations Strophosid 
produced a very rapid effect three times out of 


drug, whichever preparation is employed, until a 
reaction is observed ’ ’ He then omitted the drug for 
a few days, startmg again on half the dosage until 
further adjustment became necessary He advocated 
instructmg the patient m the symptoms of over- 
dosage, and found that most patients by them own 
sensations quickly acqumed the knowledge of how 
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much of the drug was needed Mackenzie recorded 
an interesting example of the intelhgent use of the 
drug by a patient who came under his care and who 
made his own mfusion of foxglove and was in the 
habit of takmg the drug whenever he was unable to 
lace up his boots He mainly employed the tmcture, 
giving one drachm daily, in doses of 15 to 20mimms, 
in cases of marked failure until a reaction was ob- 
served, but in cases of great distress and urgency he 
used 2 drachms daily when the effect was usually 
seen in two to three days He stressed that its 
dosage must be determined individually for each 
patient 

Cushny (1925) wrote that the best results are 
obtamed only by the largest doses which can be 
given without gastnc or intestinal symptoms, and 
this pnnciple with certam modifications has been 
reiterated by nearly all wnters on the subject smce 
A study of methods of rapid digitahzation began 
with Eggleston’s (1915) work on the dosage of digi- 
talis He found that the average dose of the tincture 
necessary to produce an ideal therapeutic effect was 
0 146 cat units per lb weight, i e about 22 cat units 
for a patient of 150 lb , this is roughly equivalent 
to 33 grains of digitalis leaf White and Moms 
(1918) tned the method and reported favourably on 
it Fraser (1922) employed it m 14 cases usmg 
shghtly smaller doses and concluded that it was 
very useful m suitable cases The amount calcu- 
lated by Eggleston was thjCt necessary to produce 
a full therapeutic effect just short of toxic doses, 
and m fact m many cases it did produce toxic 
effects That this dose is greater than that necessary 
to produce a therapeutic effect has been pomted out 
by many workers Marvin (1928) stated that his 
custom m rapid digitalization was to calculate the 
amount accor^dmg to Eggleston’s formula, and then 
to give a httle less than the total amount Robmson, 
’White, Eggleston, and Hatcher (1924) and Levy and 
Mackie (1927) found that 22 grams (1 5 g ) of digi- 
talis leaf was the average dose necessary to produce 
full therapeutic effect witfam forty-eight hours m an 
adult It came to be accepted that the dose of 
digitahs that would produce the optimum effect 
was less than that necessary to produce any toxic 
effect m the great majonty of cases, that there was 
in fact a wider therapeutic range to the drug, and 
that “ full dose ” digitalization m accordance with 
Eggleston’s onginal studies was undesirable Luten 
(1937) felt that the ideal plan was to ascertain the 
optimum level of dosage for each individual patient 

The divided dose method of Eggleston, used by the 
above workers, allows of alteration m the succeeding 
doses, if indicated by the patient’s irregular response 
to the drug, althou^ the total amount likely to be 
required was calculated m advance Attempts to 


give the whole dose at once have been looked on 
with disfavour for many reasons Individual sus- 
ceptibihty to digitahs has sometimes resulted in toxic 
reaction to an average dose The inconstant re- 
sponse to doses calculated m accordance with the 
body weight has been pomted out by Lyon and 
Gilchnst (1927), while Gold and Travell (1941)^ 
found that the body weight was only one factor' 
detemunmg the amount of digitahs necessary for 
individual patients The relative mconstancy of 
preparations assayed by biological methods was a 
further drawback to their use for massive-dose 
digitalization A method of assaymg digitalis in 
man has been produced to overcome the variable 
effects from preparations assayed m cats (Gold et al , 
1942), but It IS unlikely to be generally apphed 
This difficulty, however, is removed by the use of 
the purified glucosides, m which the dosage by 
wei^t has been determined directly m man 
Further, the habihty of large doses of digitalis 
tmcture and leaf to produce vomitmg from its 
local effect, apart from the central vomitmg occumng 
later when the patient is saturated with the drug, 
does not apply to the same extent m the case of 
certam punfied glucosides The absorption of 
digitalis, although apparently only about 20 per 
cent, IS fairly constant (Eggleston and Wyckoff, 
1922 , Wyckoff and Goldnng, 1927), and this 
favours its use m large doses The most important 
objection to the production of full digitahs effects 
by one dose would appear to he m the mdividual 
vzfnabihty of the amount required, but smce there 
IS a therapeutic range of digjtahs dosage, withm 
which the optimum hes, it is unnecessary to give 
doses just short of produemg toxic effects Gold 
and De Graff (1930) emphasized the wide margm 
of safety between the minimal therapeutic and the 
toxic doses They also said that m the average 
ambulatory cases with auricular fibrillation and 
some heart failure, much less digitahs was required 
to produce a full effect than was necessary with 
more severe heart failure, and that m the former 
cases there was a wide margm of safety between 
therapeutic and toxic doses, this margin, however, 
dimmished as the failure became more severe They 
also pointed out that the effective concentration 
within the body necessary to mamtam full effects 
was less than that reqmred to initiate them 
In spite of the opinions against one-dose methods, 
the expenence of many workers mdicates that under 
certam conditions the lUethod is safe and in our view 
it IS desirable Robinson (1920) tried the effect of a 
smgle large dose of digitalis, and gave 15 to 25 ml 
of the tmcture of digitalis to 26 patients without 
produemg toxic effects, he concluded that the 
method was safe under controlled conditions In 
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a senes of studies of digitalis medication, Gold and 
his co-\sorkcrs (1942 and 1944) have had a wide 
expenence of single dose method of digitahzation 
m which digitalis sufficient to saturate the patient 
IS administered Digitalinc, m view of its constant 
potency and the fact that m their opinion it is almost 
completely absorbed, was mostly used and in 1944 
they summanzed their results, having given this pre- 
paration to more than a thousand patients They 
found that 1 20 or 1 25 mg (equivalent to 3 cat units) 
by mouth, produced full digitalization m the average 
patient, and that minor toxic sj-mptoms such as 
nausea and vomiting occurred in less than 5 per 
cent, the effect was complete m four to ten hours 
When using an amount of digitalis leaf necessary 
to produce an equivalent result, which they found 
to be from 12 to 20 cat units, vomiting occurred in 
20 per cent of cases They stated that digitaline by 
this method was safe and effective Maintenance 
dosage could be started on the following day and 
adjusted as necessary, or m eases where a full effect 
had not been produced within twenty-four hours, a 
larger dose than would normally be required for 
mamtenance could be given on the second day 
Katz and Wise (1945) confirmed the safety and 
efficiency of Gold’s method, but stated that they 
preferred the divided dose technique 
The water-soluble preparations of digitalis leaf 
for inlrmenous use vary in their potency and this 
has lessened their value (Haag and Hatcher, 1929 , 
Levy, Bruenn, and Ellis, 1932) Strophanthm mtra- 
venously, mtroduced by Fraenkcl and Schwarz 
(1907), became popular and has remained so on 
the contment and in Latin Amenca until the present 
time Indeed, the question of the value of intra- 
venous therapy m the past has been partly concerned 
With the relative value of strophanthm as a cardiac 
remedy Owmg to the development of the Eggles- 
ton method of rapid digitalization in this country 
and Amenca, mtravenous digitaUs therapy was not 
common practice until the purified digitahs gluco- 
sides came mto use m recent years Mackenzie 
(1914) stated that mtravenous strophanthm may be 
given m doses of 1/250 gr , but considered that it 
^ needed only in exceptional and urgent cases, 
for he had rarely failed-to get a reaction m good 
time by givmg digitalis by mouth The mam 
advantage of intravenous digitalis therapy hes with 
its rapidity of action A digitalis effect may be seen 
within a few mmutes The presence of gastro- 
^^tinal upset is a further mdication for its use 
(Wenckebach, 1910), and rectal admmistration is a 
poor alternative 

Precision m dosage has been advanced as an argu- 
ment m its favour (FraCnkel, 1935), because the 
nne^amty of mtestmal absorption is elinunated 


The dangers attendant on mtravenous therapy have 
been pointed out by many authors Robinson et al 
(1924) stated that mtravenous digitalization should 
only be used after an adequate appreciation of these 
and especially where digitahs seems to be urgently 
required Qarkc (1924) spoke against its mtra- 
venous use Luten (1937) expressed no enthusiasm 
for intravenous therapy, but stated that when the 
method had to be employed, the slow injection of 
ouabain, well diluted and in conservative amount, 
probably afforded the least objectionable procedure 
Fishbcrg (1940) stated that the hope of attauung 
success by the mtravenous administration of digitalis 
to patients in whom large doses of the drug by 
mouth failed to produce improvement had always 
proved illusory in his experience The mtravenous 
use of strophanthm or digitalis, smee the introduction 
of the punfied glucosides, has more recently been 
advised in urgent cases by many authorities including 
Lewis (1937), Parkinson (1940), and White (1944) 

Methods of assay, chemical analysis, and the 
isolation of pure glucosides have rendered digitahs 
therapy simpler and safer, but the exact amoimt 
required m an individual case has still to be deter- 
mined by tnal and error m a manner similar to 
that employed by Withering Its effect m reduemg 
the heart rate in auncular fibnilation, long known to 
parallel closely its beneficial effects and to be re- 
sponsible for many of them, provides a method for 
the measurement of chmeal benefit — ^not perfect, 
but the best available Gavey and Parkmson (1939) 
discussing the effects of digitahs on patients with 
auncular fibnilation said that most of those with 
slowing of the heart rate also showed clinical 
benefit, but m the absence of slowing there was no 
benefit When the effect of oral and mtravenous 
administration of the digitalis preparations was 
compared (Table VIII) preparations given mtra- 
venously gave more consistent results within four 
hours than when given orally The difference, 
although significant, was not great, and was partly 
due to the fact that some of the oral doses were too 
small for particular patients The impossibihty of 
forecastmg the correct dosage in advance is the 
chief difficulty m reaching a satisfactory comparison 
of the oral and mtravenous methods of adminis- 
tration 

Strophanthin m a dose of 1/100 gr gave mconstant 
and poor results In a dose of 1/60 gr it produced 
a good effect m three out of four cases, but this is 
much larger than the maximum safe dose m the 
view of most writers Strophosid gave better results 
than strophanthm, it produced a good effect m 
five out of rune cases, a rapid action bemg seen m 
three cases It worked better than strophanthm 
twice, and as well once, m the three cases m which 
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TABLE Vm 

The Effectiveness of Digitalis Preparations in Different Dosage, and given by Mouih or 


Preparation 

Dosage 

No of 

Therapcuuc effect 


Iriiils 

Good 

Moderate 

Slight 

None 

Strophanthm (v) 

1/100 gr 

6 

1 


1 

1 

2 

A 

Strophosid 

1/60 gr 

1 ml 

4 

9 

3 

5 

2 


Digitalme (Nativelle) (m) 

1 25 mg 

1 



1 



1 30 mg 

1 


1 



1 50 mg 

1 

1 






I 75 mg 

1 

1 

— 

_ 



2 00 mg 

4 

2 

1 

— 


Digitalme (Nauvelle) (v) 

1 20 mg 

3 

3 





1 50 mg 

3 

3 

— . 1 

— 

— 

Digoxm (m) 

1 00 mg 

1 

1 





1 25 mg 

1 

— 

I 

j - 1 




1 50 mg 

8 

3 

4 

1 -- , 

1 1 


2 00 mg 

4 

3 




1 


3 00 mg 

4 

4 

— 

— 


Digoxm (v) 

1 00 mg 

8 

7 

1 




1 25 mg 

2 

1 




1* 


1 50 mg 

4 

3 

1 

~ 


Lanatoside C (v) 

0 80 mg 

3 

2 

1 


_ 


1 00 mg 

1 

— 

1 




1 20 mg 

1 

1 






I 50 mg 

6 

6 

_ 1 

— 



* Toxic effect 


the drugs were compared Yet, it did not produce 
the consistent results obtamed from digitahs pre- 
parations, and we have found no justification for 
the contmued use of strophanthm or strophosid 
Diguahne {Nativelle) by mouth was somewhat 
mconstant m its action m the dosage tried It 
seemed that the doses used by us were too small, 
and this is m accordance with the view of Stewart 
(1945) who regarded 2 0 mg as an average dose 
In the few cases m which the effect of the intra- 
venous and oral admmistration of the drug was 
compared, no support could be found for the con- 
tention that It IS completely absorbed (Gold et 
al 1941 and 1942) Intravenously, however. 
It produced consistently good effects withm two 
hours m a dose of 1 2 or 1 5 mg , and compared 
satisfactorily with both digoxm and lanatoside C 
A more rapid effect, namely, withm the first hour, 
was only seen once m six cases, and therefore less 
often than with the other two preparations 
Digoxin by mouth did not produce consistent 
results m a dose less than 2 0 mg A good effect 
was seen m all four cases who received 3 0 mg , and 


no toxic effect was seen with this dose It would 
appear that a dose of at least 2 0 mg by mouth is 
advisable if a full digitahs effect is required withm 
four hours A much more rapid effect was seen 
when the drug was given mtravenously In the 
fourteen cases in which the two methods of adminis- 
tration were compared, a better effect was seen in 
all dunng the second hour with mtravenous admmis- 
tration Intravenously, digoxm produced a good 
effect m the great majority of cases and a very rapid 
effect was seen m more than half When compared 
with mtravenous lanatoside C, however, it was not 
so effective m six out of eight cases Lanatoside C 
mtravenously m a dose of 1 5 mg produced a good 
effect m all of SIX cases to which it was given Of 
the ten cases who received this drug a very rapid 
effect was seen m seven Thus, it gave better results 
than any other preparations when used intraven- 
ously, but only shghtly better than digoxm 
Where a digitalis effect is required withm an hour 
mtravenous admmistration is the method of choice, 
and the attendant nsks of such therapy are small 
These mvestigahons showed that lanatoside C and 
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digoxm were the beSt preparations for intravenous 
use, the shghtly better results obtained wth lana- 
toside C are within the hmits of cxpcnmental error 
With oral admmistration the results obtained with 
different dosage have naturally vancd, but a full 
effect within four hours can be ensured if an appro- 
pnate dose of digoxm is used 

Conclusions 

Strophanthm and a number of digitahs prepara- 
tions were submitted to a clinical tnal m 20 patients 
with auncular fibrillation and heart failure with the 
object of discovenng the best means of bringing 
about a digitahs effect quickly (rapid digitalization) 
Digoxm and lanatoside C proved to be the best 
and digitahne (Nativclle) was scarcely less efficient 
Should it be necessary to mducc digitalization 


within two hours, digoxm as 1 5 mg mtravenously 
or as 2 0 to 3 0 mg orally, and lanatoside C as 1 5 
mg mtravenously only, can best accomplish it 

To establish adequate digitahzation within four 
hours digoxm as 2 0 mg by mouth is an effective 
method 

As It IS seldom necessary to obtain a digitalis 
effect m less than two to three hours, and as mtra- 
venous medication may be less convenient, digoxm 
as 2 0 to 3 0 mg by mouth is generally the best way 
to induce rapijl digitalization 

We wish to thank Dr Donald Hunter and Dr A E 
Clark-Kenncdy for allowmg us to treat four paUents 
under their care Sir John Parkinson, Physician to the 
Cariac Department, has given us advice on the pre- 
paration of this paper 
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At the present time there are at least six digitaline 
preparations m use m this country Digitalme, 
first isolated by Nativelle (1869), consists of digi- 
toxm with traces of other glucosides and impurities 
In the British Pharmaceutical Codex (1934) the onlv 
standards stipulated for the drug are a melting point 
not below 240° C , and a loss of not more than 
1 per cent at 100° C Although the drug is not a 
pure substance there is no obligation for a manu- 
facturer to carry out a biological assay of the 
preparation, and it may be dispensed by weight 
Methods of manufacture vary sli^tly from one firm 
to another and the exact processes remam a secret 
m some instances The use of digitalme has been 
recently advocated by Gold and his associates (Gold 
et al , 1942, Gold et al , 1944) on the grounds of 
Its ready and almost complete absorption from the 
mtestinal tract (Eggleston and Wyckoff, 1922, 
Gold and Travell, 1941) For this reason they 
regard it as particularly appropriate for rapid 
digitalization by a smgle adequate dose given by 
mouth For maintamed digitalization it is a 
satisfactory preparation, but there are good grounds 
for prefernng digitahs leaf for routme use (Evans, 
1940) Gold, Kwit, and Cattell (1940) found that 
3 cat umts of Nativelle’s digitalme by mouth was 
eqmvalent to 25 cat units of digitalis leaf As 
Cushny (1925) pomted out, the cat method is only 
useful to compare difierent samples of the same 
drug and to estimate their probable effect m man, 
and is of little value for the companson of different 
preparations of digitalis given m treatment Gold 
et al (1940) found that Nativelle’s digitalme by 
weight was two himdred times more potent than 
digitalis leaf standardized by the cat and frog 
methods, but was one thousand eight hundred times 
more potent m man when given by mouth This 
difference is largely explamed by the better absorp- 
tion of digitalme Evans (1940) found that 1/600 
gram (0 25 mg) of Nativelle’s digitalme was 


eqmvalent to 1 gram of the powdered digitahs leaf, 
a findmg m agreement with the observations of 
Campbell (1938) Digitalme (Allen and Hanbury)* 
however, supphed m granules similar m appearance 
and dosage to Nativelle’s digitalme, was not found 
to be so effective m a dosage of 1/240 gram, as was 
Nativelle’s preparation in a dose of 1/600 gram 
(Evans, 1940) 

The present work was undertaken to ascertain 
whether there was any variation m the value of six 
commercial preparations of digitalme when dis- 
pensed to patients with heart failure and auncular 
fibrillation The method for this clinical assay 
was the same as that described by Evans (1940) 
The preparations tested, marketed by six different 
firms, were designated A, B, C, D, E, and F 

Thirteen patients, all of whom had been under 
observation for some time, were chosen for the 
clmical tnal Three failed to complete the course, 
two owmg to irregular attendance and the third 
owmg to admission to hospital with an exacerbation 
ofheart failure, leavm^ 10 m the senes, six were men 
and four women Their ages vaned from 24 to 63 
Auncular fibrillation and heart failure were present 
m all, associated with hypertension m two and with 
mitral stenosis m the remaimng eight They were 
all treated as out-patients' and they led their usual 
lives, the majonty bemg at work With one excep- 
tion they had been receivmg powdered digitalis leaf 
foi prolonged penods befoiq the tests The patients 
attended each fortnight, their statement on progress 
was recorded at each visit, and after a short rest the 
apical rate was counted over three successive half- 
mmute penods, and the average rate was taken 
They were exammed chmcally and by cardioscopy 
at yitervals according to need At each attendance 
they were given a different digitalme preparation 
for the followmg testpenod of 14 days, thus ensuring 
that by the end of the penod each paUent had been 
fully under the influence of the fresh preparation for 
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a few days at least One gram of powdcrcd digitalis 
leaf and one pill (1/600 gram) of each digitalmc 
preparation were given as single doses, while the 
number of doses a day was difTcrcnt for different 
patients according to their habitual requirements 
before the clmical tnals w-cre started, and it ^vas 
kept constant for each patient throughout the investi- 
gation The order m which the preparations were 
given was dehberatcly vaned m each case The 
following IS an account of one case 

Male, aged 45, nith mitral stenosis, aortic incompetence, 
auricular fibrillation, and heart failure 

At the age of 1 1 the patient had rheumatic fc\cr He 
was prevented from playing games at school as a con- 
sequence of this, and was rejected from the army during 
the 1914-18 war on account of his heart Twenty years 
ago he had a small hamioptysis and a larger one thirteen 
years later Dyspnoea had been present for seven years 
and recently this had become worse and was present at 
rest In the last five weeks he had been unable to work 
Hmoptysis recurred a week before 'He had been 
receiving digitalis for the last three months from his 
doctor who sent him to the Cardiac Department for 
treatment. 

He was breathless when exammed and showed slight 
cyanosis and venous congestion in the neck The pulse 
was 80 and was irregular from auncular fibnllation The 
blood pressure was 160/55 There w-as no oedema 
The apex beat was displaced outwards to the anterior 
^laiy line Systohe and mid-diastolic murmurs were 
heard m the mitral area, as wclV as aortic, systolic, and 
^tohe murmurs Fine crepitations svere found at 
both bases and the hver was distended and tender The 
urine was normal Cardioscopy showed great cardiac 
enlargement, mvolving the left ventricle, left aunclc, 
nght auncle and the conus and pulmonary artery, there 
jras moderate pulmonary congestion He was admitted 
to hospital the same day and responded readily to treat- 
®^t with rest, restneted fluids, digitalis and two 
iqjections of neptal He was discharged four weeks 
arer, with only slight pulmonary congestion, and he 
Mntinued to take 1 grain of digitalis leaf twice daily 
^ “'^uded m the present senes on August 13, 1946, 
™ progress during the climcal tnals is set out below 
m tabulated form 


Date 

Medicme 

during 

previous 

14 days 

Digitalis 

dose 

(given 

twice 

daily) 

Heart 

rate 

a 

nun- 

ute 

Patient’s 

statement 

on 

progress 

13 Aug. 
27 Aug 
10 Sep 
24 Sep 

22 Oct. 

5 Nov 

Digitalis leaf 
DrugE 

Dmg C 

Drug A 
DrugD 
DnigF 

DrugB 

1 gram 
1/600 „ 
1/600,, 
1/600,, 
l/60b„ 
1/600,, 
1/600,, 

68 

78 

65 

81 

57 

87 

65 

Well 

Well 

Very well 
Well 

Very Well 
Well 
Well 


I 


Clinical signs of heart failure did not mcrease 
during the penod of tnals, and the urmary output 
was satisfactory 

The results for all six digitaline preparations_are 
summanzed m Table I 

TABLE I 

Heart Rate in Ten Patients with Auricular Fibrilla- 
tion AFTER Treatment with six different Kinds 
OF Digitaline 


Case No 

Age 


Weight m lb 

No of doses daily I 

Drug A 

Drug B 

Drug C 

Drug D 

Drug E 

Drug F 

Average 

1 

24 

F 

149 

3 

109 

85 

87 

85 

91 

87 

91 

2 

58 

M 

180 

2 

83 

68 

85 

73, 

76 

63 

75 

3 

44 

M 

144 

2 

103 

82 

85 

84 

79 

77 

85 

4 

47 

M 

132 

2 

82 

70 

73 

79 

82 

89 

79 

5 

59 

M 

127 

2 

97 

81 

73 

99 

82 

108 

90 

6 

48 

M 

146 

2 

109 

95 

102 

80 

81 

101 

95 

7 

63 

M 

201 

2 

114 

104 

79 

84 

80 

113 

96 

8 

45 

M 

126 

2 

81 

65 

65 

57 

78 

87 

72 

9 

27 

F 

101 

2 

53 

65 

61 

51 

58 

52 

57 

10 

56 

M 

140 

2 

87 

79 

77 

79 

87 

81 

82 



A' 

verage 

92 

79 

79 

77 

79 

86 



The results were examined statistically by the 
analysis of vanance method (Fisher, 1937) There 
was found to be a significant difference between the 
effect of the drugs, due to the high heart rates 
obtained with drug A, and the probabihty of this 
difference occurnng by chance was less than 1 in 100 
In order to check these findmgs another series of 
tnals was earned out with the same digitaline 
preparations on twelve other patients with auncular 
fibrillation and heart failure Three patients had to be 
excluded from the senes owing to irregular attendance, 
and two on account of an mcrease m the seventy of 
the heart failure necessitatmg admission to hospital 
In the seven remaining patients mitral stenosis 
was the underlymg cause of the heart failure m four 
and hypertension m three The same procedure 
was followed in carrymg out the trials but the order 
m which the drugs were given was decided by draw- 
mg lots The results are summanzed m Table n 
Applymg the same statistical method to the 
results in Table II, Drug A is agam found to be 
significantly mferior to the remammg live prepara- 
tions, the probabdity of such a result ansmg by 
chance bemg about 1 m 21 
It IS apparent from these two senes of trials that 
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TABLE II 

Hea^ Rate in Seven Patients with Auricular 

rIBRILLATION AFTER TREATMENT WITH SIX DIFFERENT 

mnds of Digitaline and with Powdered Digitalis 
Leaf 


Case No 

Age 

Sex 

Weight m lb 

No of doses daily | 

Drug A 

Drug B 

Drug C 

Drug D 

Drug E 

Drug F 

Digitalis leaf 

Average 

1 

64 

M 

201 

2 

101 

70 

85 

77 

91 

83 

81 

84 

2 

54 

M 

126 

2 

102 

97 

87 

90 

87 

90 

89 

92 

3 

67 

F 

115 

2 

91 

89 

97 

101 

80 

91 

81 

90 

4 

42 

F 

154 

2 

85 

82 

86 

39 

87 

91 

67 

82 

5 

36 

M 

143 

2 

113 

69 

73 

81 

77 

72 

70 

79 

6 

45 

M 

126 

1 

74 

60 

66 

71 

69 

65 

71 

68 

7 

54 

F 

132 

1 

79 

81 

70 

83 

83 

87 

89 

81 

Average 

92 

78 

81 

83 

82 

83 

78 


Average for first 











senes 



92 

79 

79 

77 

79 

86 




Drug A is not as efficacious as the remaining prepara- 
tions There was no significant difference between 
the effects of the other drugs It is now recognized 
that the dosage of digitalis necessary to produce an 
adequate clinical effect in any given patient lies 
within a fairly wide range, particularly when there 
is only slight or moderate heart failure present 
(Gold and De Graff, 1930), and it is probable that 
the inferiority of Drug A demonstrated in these 
two series of tnals represents a fairly considerable 
difference of potency It is unsatisfactory that 
preparations with the same or similar names, but 
differing m clinical potency, should be maiketed by 
different firms A practitioner prescnbing digtahne 
cannot be certain that his patient will always receive 
a preparation of the same potency, and undesirable 


toxic effects may be produced by one drug, while 
another may have an madequate effect There is 
no obligation on the manufacturers to standardize 
their products by biologcal assay, nor is it certain 
to what extent this would result m a greater uni- 
formity of digitahne preparations The explanation 
of the inconsistent results obtained with digtahne 
preparations may he in the method of manufacture 
In some instances certam stages of the procedure 
are a closely guarded commercial secret, and there 
IS no certamty that the final products are identical 
with the different processes used, thus rendenng the 
standardization of different digtahne preparations 
by biological assay of less value Digtahs leaf has 
been found to produce consistent clinical results by 
many observers Its method of preparation is 
known to all and is simple, and its standardization 
by biologcal assay is adequate for chnical purposes 
It IS suggested that if a standard method of prepara- 
tion were laid down for digitahne, as it is for 
digitahs leaf, and biologcal assay of the product 
were compulsory, variations in potency might be 
reduced At the present time powdered digtahs 
leaf would appear to be preferable for mamtained 
digitahzation 

Summary 

The effect of six different commercial preparations 
of digitahne has been tned m two senes of ten and 
seven patients with heart failure and auncular 
fibrillation One preparation was much less effec- 
tive than the other five in both trials It is suggested 
that a standardized procedure for the manufacture 
of digitahne should be introduced, and that bio- 
logical assay should be made compulsory The 
variability in the potency of digitahne preparations 
suggests the advisability of using digitahs leaf for 
continuous digitahzation at the present time 

I wish to thank Dr D Jennings for his advice on the 
statistical analysts of the results of this investigation 
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Recent reports suggesting the presence of cardiac 
lesions at autopsy in a high proportion of patients 
with rheumatoid arthritis appear to be m conflict 
with climcal expenence In view of the scarcity 
of comprehensive clinical, and the absence of radio- 
logical studies of the heart in rheumatoid arthritis, 
and also of the contradiction between chnical and 
pathological findings, there appears to be a need of 
further clinical and radiological matenal 
The incidence of heart disease at autopsy m 
patients suffering from what is variously called 
nodular rheumatism, chronic rheumatism, and 
genuine arthritis deformans is, m earlier studies, 
given as between 30 to 50 per cent (Charcot, 1881 , 
Kast, 1901, Grzimek, 1932, Khnge, 1933), the 
heart disease being more frequent m secondary 
than in primary chronic rheumatism Changing 
conceptions of the astiology and classification of 
rheumatic diseases in more recent years are an 
obstacle to the direct evaluation of these findings 

More recently cardiac lesions “ indistmguishable 
from those of rheumatic fever ” were described m 
56 per cent of 24 patients with rheumatoid arthritis 
at necropsy by Baggenstoss and Rosenberg 
(1941 a, b), in 22 per cent of 23 patients by Bayles 
(1943), and in 66 per cent of 38 patients by Young 
and Schwedel (1944) 

In a clinical study Dawson (1933) found 7 cases 
of manifest rheumatic heart disease m 100 patients 
suffenng from rheumatoid arthritis Colver (1937) 
in 69 children with Still’s disease detected carditis 
during life in only 1 , of 4 studied at autopsy none 
had carditis Hench and Rosenberg making a 
study of all their arthritic patients on a given date 
(1941) found none with clmical or electrocardio- 
graphic evidence of cardiUs The incidence of 
clinically manifest rheumatic heart disease m a 
senes of rheumatoid arthritis patients, examined by 


Bayles and McGinn (1943) was 5 per cent Young 
and Schwedel’s series (1944) occupies a umque 
place here, since the diagnosis of rheumatic heart 
disease was made dunng life m 18 of 32 patients 
with rheumatoid arthritis this, together with the 
high number of positive cardiographic findings, 
suggests selective accumulation of patients with 
heart disease Ehnan (1944) m 100 patients with 
rheumatoid arthritis found 8 with “ rheumatic 
carditis,” 5 of whom gave no history of rheumatic 
fever, he also observed 22 patients in whom rheu- 
matic carditis coexisted with rheumatoid arthritis 
Rogen (1947) found only one patient with mitral 
disease in a group of 33 with rheumatoid arthritis 

Material and Methods 
The 60 patients studied here were selected from 
150 patients with rheumatoid arthntis, after eluni- 
nating those where the chnical picture was not 
typical, where rheumatic fever occurred in the past, 
where chest deformity or inability to stand up- 
right prevented satisfactory radioscopy, and where 
records were not sufficiently complete The catena 
of diagnosis were those laid down by the Committee 
of the International League agamst Rheumatism 
(1934), Poynton and Schlesinger (1937), and a 
(Tomnuttee of the American Rheumatism Associa- 
tion (1942) The clinical picture was regarded as 
typical if the smaller joints of the hand were 
characteristically involved in addition to the larger 
jomts, and if joint involvement was accompanied 
by all or most of the following signs of general 
systemic involvement anaemia, weight loss, general 
malaise, easy fatigability, and mcreased sedimenta- 
tion rate Patients in whom the process was 
limited to the larger joints or to a single joint, those 
m whom its onset comcided with the menopause 
and those with a history of rheumatic fever or with 
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raised blood pressure were excluded SelecUon m 
this manner resulted m a group of patients with 
normal blood pressure, suffenng from advanced 
rheumatoid arthritis of considerable duration 
Forty-three of the 60 patients were women 
Ages ranged from 25 to 69 years, 5 bemg m the 
third, 6 m the fourth, 13 in the fifth, 21 in the sixth, 
and 15 in the seventh decade Healed pulmonary 
tuberculosis was found m 2 patients (Cases 4 and 32), 
and duodenal ulcer m 1 (Case 49) From each 
patient a relevant history was taken and a careful 
physical examination made, including X-ray and 
electrocardiogram 

CuNicAL Manifestations of Heart Disease 
Only 3 of these 60 patients presented clmical 
manifestations of heart disease 
Case 9, male, aged 59, with extensive arUcular involve- 
ment, was the only one in the senes who had a mitral 
diastohc murmur Radiologically his heart showed 
moderate left ventncular enlargement Displacement of 
the banum filled gullet as a result of left auncular enlarge- 
ment was not present and the electrocardiographic 
record was normal Subjective symptoms related to 
the heart were absent 

Two patients, both women, aged 69 and 62 respectively 
(Cases 2 and 30), displayed signs of heart failure with 
congestion There were no acoustic abnormabUes, the 
cardiac silhouette was normal, and satisfactory response 
to digitalis and mercunal diureftcs was obtain^ m both 
The electrocardiogram m Case 2 showed auncular 
fibrillation In the absence of signs of valvular mvolve- 
ment and in view of the patient’s age, heart failure due to 
coronary disease appears the leading possibility with 
rheumatic heart disease not excluded 
Famt systolic apical murmurs were found m a 
number of patients Some complamed of slight 
shortness of breath and palpitation Apart from 
the patients with frank heart failure these symptoms 
were mild, and it seems that their presence is of no 
specific significance m view of the anasmia and 
general debiUty charactensfic of rheumatoid arthntis 

Electrocarmographic Changes in 
Rheumatoid Arthritis 

Master and Jafiee (1932) taking daily cardio- 
grams m 17 patients for 53 days, found only the 
slightest evidence of myocardial mvolvement 
Logue and Hanson (1944) m 100 cases with pro- 
longed P-R mterval found that rheumatoid arthntis 
has been present m 5 Young and Schwedel (1944) 
found changes m 7 of 22 patients, 4 having auncular 
fibnilation The changes m rheumatic carditis are 
transient and very vanable, most cardiographic 
abnormalities having been encountered and a 
prolonged P-R mterval bemg the most frequent 
We have examined 131 cardiograms in these 60 
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patients, and except for low voltage curves have 
found only 3 with significant cb^ges A woman, 
aged 46, with typical active rheumatoid arthntis 
had a normal curve, but a year later, when she was 
improving after chrysotherapy, had S-T depression 
in the first and elevation m the third lead A man, 
aged 69, had a normal curve fiist, but later developed 
auncular fibrillation and congestive heart failure 
A male, aged 69, with some cardiac enlargement, had 
a P-Q interval of 022 seconds As the second and 
third patients were 69, these findings have httle, if 
any, significance 

Low Voltage Low voltage in the standard leads 
has occurred more frequently m the present senes 
than any other smgle cardiographic abnonnahty 
A voltage of all deflections m all leads of 0 5 mV or 
less IS regarded as abnormal, and was found m 5 
of the 60 patients (8 per cent) Low voltage has 
been associated with other cardiographic abnorm- 
alities m 2 patients, and with radiological cardiac 
enlargement and congestive heart failure m one of 
these The 3 other patients of this group have 
presented no further evidence of heart disease The 
ages of the 5 patients with low voltage were 57, 67, 
67, 69, and 69 years In 18 patients (30 per cent) 
the voltage was 0 8 mV or less 

The incidence of low voltage m healthy subjects 
shows considerable variation from author to author 
It ranges from none (Shipley and HaUaran, 1936, 
Hoskm and Jonescu, 1940, and Larsen and Skula- 
son, 1941), 1 8 (Viscidi and Geiger, 1943), and 
3 per cent (Levitt, 1939,. Chamberlam and Hay, 
1939) to 6 per cent (Leach, Reid, and White, 1941), 
and 8 per cent (McFarland et al , 1939) A voltage 
of less than 0 8 mV was found in 30 per cent by 
McFarland et al (1939) That age does not 
determme the occurrence of low voltage is suggested 
by the fact that both the Visadi and Geiger (1943) 
and the McFarland (1939) groups consisted of young, 
healthy airmenr 

In order to obtam further information, minimum, 
maximum, and average values of R I, R R, ® 

m the first traemg obtained from each patient were 
detenruned Table I shows a comparison between 
values found m this senes and normal controls 
reported by other workers m healthy subjects and 
also a control senes of 50 healthy subjects 
In the present senes the inadence of voltage 
below 0 5 and below 0 8 mV respecUvely is as high 
as the highest m published work It is higher than 
m a senes of 50 healthy controls The voltage of 
R m the present senes is less than in any reported 
by other authors, with the exception of Lewis and 
Glider (1912) and less than m a senes of 50 normal 
controls examined by us In view of the elasticity 
of normal standards it is difficult to decide whether 
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TABLE I 


Comparison of the Voltage to R in Rheumatoid Arthritis with Pubushed Data and Normal Controls 



Chamberlain 
and Hay 
(1939) 

Hoskm and 
Jonescu 
(1940) 

Larsen and 
Skulason 
(1941) 

Wilson and 
Nyboer i 
(1937) 

Lewis and 
Gilder 
(1912) 

1 Present study 


Arthritis 

group 

Control 

group 

No paUents 

302 

50 

100 

104 1 

1 

52 1 

1 

60 

50 

Miminum 

R1 

1 5 


1 8 

mm 


1 0 

2 1 

RH 

3 6 

— 

4 I 



20 

20 

Rin 

05 

— 

07 

■■ 


1 0 

0 5 

Maximum 





n 



RI 

18 6 

— 

12 4 

19 4 

17 0 

RH 

23 6 1 

_ 

234 

23 6 


21 0 


Rm 

20 5 * 

1 

— 

208 

i 

20 0 

WebM 

14 0 


Average 



■Ml 

mmm 


4 85 

[ 7 07 

RI 


9 8 



5 16 

RH 


13 5 


HIM 

10 32 

8 61 

928 

Rm 

im 

65 

■■ 

799 

6 61 

3 95 

1 

4 03 


the above findings really show a tendency to lower 
voltage, m patients with rheumatoid arthntis 

Of the conditions associated with rheumatoid 
arthntis, anastnia (Turner, 1932, Szekely, 1940) and 
generalized wasting (Speckman and Rich, 1931, 
Steuer, 1934, Leach e( al , 1941) were found to 
comcide with low voltage Considenng that pen- 
carditis is one of the known causes of low voltage. 
It is of mterest that pericarditis was found at 
autopsy m a proportion of patients with rheumatoid 
arthntis by Baggenstoss and Rosenberg (1941 a, 6) 
Bayles (1943), and Young and Schwedpl (1944) 

Radiological Study of the Heart in 
Rheumatoid Arthritis 

Published work on the heart in rheumatoid 
arthntis, as mdicated above, deals chiefly with 
anatomical and chmcal findmgs Extensive search 
of the journals has failed to reveal a comprehensive 
radiological study Rogen (1947) seems the only 
author who attempted cardiac X-ray examinations 
in some of his 33 rheumatoid arthntis patients, 
but gave it up because of difficulties in positiomng, 
due to inabihty of the patients to stand upnght 

Method As it was mtended to use heart size 
prediction tables based on height and weight, the 
60 patients with rheumatoid arthritis m this senes 
were selected from patients able to stand upnght 
In addition a control group of 100 patients, seen m 
the course of daily radiological routme by one of us 
(F J G ) was also investigated, they were selected 
to show an age distribution similar to the rheumatoid 
arthntis group, and patients with raised blood 
pressure were agam excluded Using prediction 


tables based on weight in patients m whom weight 
loss IS a prormnent feature, the possibihty arose that 
the impression of cardiac enlargement might be 
produced where discrepancy between predicted and 
actual heart measurement was due to discrepancy 
between the patient’s present and past weight To 
test and minimize this source of error, the control 
group consisted of patients most of whom had 
shown considerable loss of weight 

The heart was examined by frontal teleradiogram 
and fluoroscopy mcludmg study of the barium- 
filled gullet T o determine heart size three standards 
were used 

(a) The transverse cardiac diameter was com- 
pared with prediction tables based on height and 
weight, as devised by Ungerleider and Clark (1939) 
Generally 80 per cent of normals fall withm ±10 per 
cent of the predicted transverse diameter, not more 
than 10 per cent exceed + 10 per cent This means 
that a few normal hearts are classified as being 
enlarged, and others with minor degrees of enlarge- 
ment are not recognized With these qualifications 
enlargement of the heart exists when the actual 
transverse measurement deviates from the predicted 
measurement by 10 per cent or more (b) Accord- 
ing to Comeau and White (1942) m the great majonty 
of cases a transverse diameter greater than 13 4 cm 
in males or 12 4 cm m females is a sign of cardiac 
enlargement Considered as a group the transverse 
diameter will be below 13 4 cm in 90 per cent of 
normal males and below 12 4 cm in 94 per cent 
of normal females (c) In using radiological 
methods for estimating heart size the difficulty of 
applymg mathematical methods to biological 
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problems must be remembered (G Wynne, 1933, 
Comeau and White, 1 942) The diagnosis of cardiac 
enlargement was therefore made only if m addition 
to showmg increased measurements, the cardiac 
silhouette was judged to be enlarged on inspection 
Table 11 shows that subjective judgment and 
measurement were not always in accord That 
radiographic measurement alone should not be 
relied upon to diagnose cardiac enlargement is 
indicated by the fact that different hearts are shown 
as enlarged by different standards (Table 11) 


Heart Size As measurements of heart size and 
subjective judgment (Table II) have given divergent 
results they will be discussed separately 
A transverse diameter of more than 10 per cent 
in excess of the predicted figure, was found m 15 
patients (25 per cent) m the rheumatoid group, 
with only 8 per cent m the control senes In 8 
patients (13 per cent) m the rheumatoid group the 
transverse diameter was 15 per cent or more in 
excess of the predicted figure, with not a single 
mstance m the control senes The figure of 1 2 4 cm 


TABLE U 

Patients in Whom the Heart was found Enlarged according to one or more of the Three 

Standards Employed 


Transverse cardiac diameter m excess of predicted +10% of 12 4 


Case No and type of 


m women, 

13 4 m men 


Heart judged 

enlargement ' 

( 

Predicted 

(cm) 

Actual 

(cm) 

Excess 

(percentage) 

Actual 

(cm) 

' enlarged 

1 







13 3 F 



5 LA* 

— 

— 

— 

— F 

— 

6 LV,LA 

11 9 

13 2 

11 

13 2 F 

, + 

7 G(Fig 1) 

— 

— 

— 

14 OF 

+ + 

9 LV 

11 6 

140 

21 

14 0 M 

+ 

19 LV 

11 6 

13 I 

13 

13 1 F 

4" 

20 LV (Fig 2) 

— 

— 

— 

15 OM 

++ 

24 G (Fig 3) 

13 1 

15 1 

15 

15 1 M 

++ 

27 





— 

13 5 F 

1 — 

28 

11 7 

13 2 

! ’3 

132F 

— 

30 


— 


13 2 F 

, — 

32 G 

11 5 

13 2 

1 15 , 

132F 

+ 

35 LV,LA(Fig 4) 

11 1 

13 6 1 

1 23 ! 

13 6F 

1 -f-+ 

36 LV,LA 



1 

1 

1 DOM 

+ 

43 LV (Fig 5) 

11 7 

14 0 

i 20 

14 0 M 

++ 

46 LV (Fig 6) 



— 


1 14 7 M 

++ 

48 LV (Fig 7) 

13 6 

15 6 

15 

15 6 M 


51 

11 8 

13 5 

11 

13 5 F 

— 

53 G 

11 6 

14 5 

25 

14 5 F 

1 + 

56 

10 9 

12 3 

13 

•— F 

j 

57 

11 2 

12 4 

11 

— F 


58 

10 4 

11 7 

13 

— F 

' — 

60 LV(Fig 8) 

1 

11 2 

13 I 

17 

13 1 F 

1 


* LV=enlargement mainly 
causing gullet displacement 


left ventricular G =enlargement generalized LA=left auricular enlargement 
F=female M=male 4-=moderate enlargement + + =pronounced enlarge- 


Eight women with a transverse diameter between 12 5 and 13 0 cm , 
enlargement, are not included m this table 


but with no other evidence of cardiac 


Discrepancy was particularly obvious with regard 
to the standard of Comeau and White (1942), the 
number of hearts with transverse diameters in excess 
of their figures was strikingly high (45 per cent), 
while on inspection many appeared to be normal 
For this reason the relation of each heart examined 
to this standard was recorded, but the result was 
not regarded as decisive in judging heart size m any 
given patient, although considered significant in 
group comparison 


in females and 13 4 cm in males was exceeded by 
27 patients (45 per cent), the corresponding figure 
m the control senes being 10 per cent 

On inspection the heart was judged to be enlarged 
in 14 patients (23 per cent) Enlargement was 
regarded as pronounced m 8 (13 per cent)' and 
moderate m 6 (10 per cent) The radiograms 
shmving pronounced enlargement are reproduced 
in Fig 1 to 8 Subjective judgment differed from 
Uiat based on prediction tables In Cases 7 and 46, 
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Fig 1 — Case 7, female 52 jcars Generalized enlarge- 
ment by inspection although measurement at upper 
limit of predicted range Clinically normal heart 
Cardiogram normal 


Fig 2 — Case 20, male, 63 years Mainly left ventricular 
enlargement by inspection, although measurement 
at upper limit of predicted range Clinically normal 
heart. Cardiogram normal 



Fig 3 — Case 24 male 69 years Generalized cardiac 
enlargement by msp^tion and measurement 
Clinically normal heart P-Q phase 0 22 sec 


M 


i!ri Left auricular and 

left ventricular enlargement by inspection and 
measurement Clinically moderate shortness of 
breath on exertion Cardiogram normal 
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Fig 5 — Case 43, male, 26 years Mainly left ventncular 
enlargement by inspection and measurement Heart 
clinically normal Cardiogram normal 


Fig 6 — Case 46, male, 46 years Mainly left ventn- 
cular enlargement by inspection, although 
measurement at upper limit of predicted range 
Clinically normal heart Cardiogram normal 



Fig 7 — Case 48, male, 65 years Mainly left ventn- 
cular enlargement by inspection and measurement 
Triple rhythm with extra sound in mid-diastole, 
otherwise clinically normal Normal cardiogram 


Fig 8 —Case 60, female, 23 years Mainly left ventn- 
cular enlargement Palpitation and shortness of 
breath on moderate exertion, otherwise clinically 
normal Normal cardiogram 
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the actual transverse diameter was less than 10 per 
cent in excess of the predicted figure although on 
inspection pronounced enlargement was deemed to 
be present On the other hand, of the patients 
whose transverse diameter was more than 10 per 
cent in excess of the predicted figure, 4 were not 
judged to be enlarged (Cases 28, 51, 56, 58) Of the 
8 patients whose hearts were 15 per cent or more in 
excess of the predicted measurements all were judged 
to be enlarged, 3 moderately, and 5 considerably 
(Table II) 

In clinical practice the radiological diagnosis of cardiac 
enlargement is usually made in a patient presenting signs 
and symptoms of a well-known heart disease and in most 
cases finally rests on a combination of radiological and 
climcal judgment The situation is different here, a type 
of patient bemg exanuned m whom enlargement of the 
heart has not been demonstrated radiologically m the 
past, and who is suffenng from a disease where the 
presence of cardiac mvolvement is regarded as question- 
able and IS the unknown factor being mvesugated 
Clinically these patients are characterized by the absence 
of signs or symptoms of heart disease Pronounced 
cardiac enlargement such as is present in 8 patients m 
the present senes can be diagnosed on radiological 
grounds alone. The diagnosis of shght to moderate 
enlargement on the other hand should be made only in 
the presence of supplementary evidence (Parkinson, 
1933, Bramwell, 1933) Qmical manifestaUons of 
heart disease, which are the usual source of such evidence, 
are stnkmgly absent m patients with rheumatoid arthntis 
It is suggested, on the other hand, that the evidence 
required to diagnose moderate cardiac enlargement in 
these patients is supphed from the following three sources 

Study of Patients as a Group Prediction tables of 
heart size are composed of average figures denved from 
the study of large groups The error mvolved in their 
use vyill therefore be smaller if apphed to a group instead 
of to an mdividual If m a single patient radiological 
determination of the transverse cardiac diameter m itself 
may not suffice to reveal the presence of moderate 
cardiac enlargement, m a group showmg excessive 
measurements a tendency to cardiac enlargement may be 
assumed In the single patient the impression of cardiac 
enlargement may be created or hidden by variations 
withm the physiological range, m a group vanations in 
the two directions will tend to neutralize each other 
Comparison of the rheumatoid patients with the control 
group shows that a clear fine of demarcation between 
patients with normal heart size and those with a tendency 
to enlarged hearts can be achieved by applymg this 
method to groups mstead of mdividuals 
Comparison with Anatomical Findings Estimates of 
radiological enlargement m the present senes are lower 
than the incidence rate of enlarged hearts reported at 
autopsy Baggenstoss and Rosenberg (1941 a, b) found 
hearts of greater than normal weight in 11 of 25, Bayles 
(1943) in 13 of 23, and Young and Schwedel (1944) m 
19 of 33 patients These figures mclude cardiac enlarge- 
ment due to rheumatic heart disease and to other causes, 
mdudmg hypertension Considenng that radiological 


heart size estimaUon will inevitably miss a number of 
moderately enlarged hearts, and that the present senes 
did not include paUents with hypertension, there is no 
obvious discrepancy between the autopsy and radiological 
data 

Radiologically revealed cardiac enlargement although 
in disharmony with the absence of clmical manifestations, 

IS m keepmg with the only posiUve group of facts we 
possess about the heart in rheumatoid arthntis, namely 
the findings at autopsy Discrepancies between radio- 
logical and clinical fodings would appear no more 
“startling” (Hench, 1941, refemng to the anatomical 
findmgs) than the much discussed discrepancy between 
anatomical and chnical findings The question arises 
here as to what extent these two m themselves mdependent ' 
discrepancies will serve to explam each other In the 
absence of symptoms and signs radiological enlargement 
may be the only clmical manifestation of the changes 
found at autopsy 

Pronounced Cardiac Enlargement Cardiac enlarge- 
ment of a pronounced degree was found m 8 out of 60 
patients with rheumatoid arthntis In addition, 6 
patients had hearts suggestmg enlargement By them- 
selves these may not be regarded as evidence of frequent 
cardiac enlargement If, however, an mcreased number 
of hearts are found to be at the upper hmit of normal and 
8, as compared with none m the control group, are found 
to be enlarged to a pronounced degree, the suggesUon 
emerges that the hearts are actually mcreased m size in 
more than 8 out of 60 patients 

Radiological Configuration of Enlarged Hearts 
Of the 8 considerably and 6 moderately enlarged 
hearts, left ventncular enlargement alone was found 
m 7, left ventricular and left auricular enlargement 
in 3, and generalized increase m size m 4 Left 
auncular enlargement alone was present m 1, and 
with left ventncular enlargement m 3 patients 

Predominantly right-sided enlargement was not 
seen in any of the hearts examined It appears that 
the left ventricle is the chamber chiefly affected, and 
It was enlarged in every patient with an abnormal 
heart, exceptmg the one in whom left auricular 
enlargement was the only change present 


Discussion 

The result of the above investigation suggests 
the presence of radiologically evident, mainly left 
ventricular cardiac enlargement in 23 per cent of 
patients with rheumatoid arthritis On the other 
hand it appears that the cardiac abnormahty under- 
lying the enlargement is characterized by the absence 
of recognized clinical and electrocardiographic 
manifestations of heart disease 
In an attempt to explam this discrepancy, published 
reimrts re^rdmg autopsy findmgs in rheumatoid 
arthntis will have to be taken mto consideraUon Three 
^nt anatomiral studies suggest that m patients with 
rheumatoid artotis a disease of the heart is pn«m 
which IS “mdistmguishable” from that found 
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rheumatic fever (Baggenstoss and Rosenberg, 1941 a, b, 
Bayles, 1943, YoungandSchwedel, 1944) Theincidence 
of cardiac involvement in the three groups varies from 
26 to 66 per cent, but unanimity exists with regard to 
certain points It seems that the lesions found resemble 
rheumatic carditis more closely than any known cardiac 
lesion and that pericarditis, chronic or subacute myo- 
carditis, gross valvular distortion and cardiac enlargement 
was present in a proportion of cases The participation 
of the various chambers in the enlargement is not stated 
In addition to these changes, coronary sclerosis with 
or without myocardial infarction was found m a smaller 
proportion of patients in the three above groups 
Coronary sclerosis as a cause of radiologically manifest 
cardiac enlargement in patients with rheumatoid arthritis 
IS, in addition to its low incidence in the above three 
autopsy senes, excluded by the following points The 
role of coronary sclerosis alone in causing cardiac hyper- 
trophy IS still a matter of controversy That it is able 
to cause enlargement is stated by Palmer (1937), denied 
by Jones (1930), Gross and Spark (1937), and Maun 
(1941) Clawson (1939) states that narrowing of the 
coronary onfices in syphilitic aortitis fails to produce 
hypertrophy in the absence of a valvular lesion If only 
I out of every 2 or 3 patients with coronary sclerosis is 
expected to have an enlarged heart, to explain cardiac 
enlargement in 23 pier cent, as found in the present series. 

It would have to he assumed that coronary sclerosis was 
present in 46 to 69 per cent If coronary sclerosis were 
the chief cause of cardiac enlargement in rheumatoid 
arthntis, an increase of the incidence of cardiac enlarge- 
ment with age could be expected Table III shows that 


TABLE III 

Incidence of Enlarged Hearts Decreasing with 
Increasing Age 


Age j AH ' 

group 'rheumatoid 
} arthritis 
Years ' cases i 


Transverse 
diameter 
10% in excess 
of predicted 


Heart judged 
enlarged 


No 


Percent- 


No 


Percent- 


1 

1 

1 

, i 

age 


age 

20-39 

1 11 

i 4 1 

36 

3 

27 

40-59 

34 

1 8 

24 

8 

24 

60-79 

15 

3 1 

20 

3 

20 

20-79 

60 

' 15 1 


14 

— 


this is not the case, as the percentage of enlarged hearts 
actually decreases with age In the control group only 
8 per cent exceeded predicted cardiac measurements 
Neither clinical nor cardiographic evidence of coronary 
sclerosis was demonstrated in the arthntic patients 
If coronary sclerosis is excluded, only the changes 
“ resembling rheumatic carditis occur with enough 
regularity to need consideration as the basis of the 
radiological cardiac enlargement Whether these 
anatomical changes mean that rheumatic carditis is 
actually present, or whether they are an expression of 
rheumatoid arthntis ( ‘rheumatoid carditis Rosenberg 


e/ af 1944) is undecided This problem is closely 
linked with the controversy regarding the relationship of 
rheumatic fever and rheumatoid arthntis Since the 
ffitiology of these two diseases is unknown, proof of 
their Identity must be indirect, and either attempting to 
show the similanty of the conditions under which they 
occur, or the similarity of certain pathological and 
serological changes found in both The two diseases 
tend to occur in identical families and individuals, and 
their geographic distribution and seasonal incidence is 
similar The identity of the rheumatic nodule in the 
two diseases has been pointed out by Coombes and 
Coates (1926), Dawson (1933) and by Poynton and 
Schlesinger (1937), but questioned by Bennett ef a! 
(1940) Immunological evidence suggests the presence 
of a streptococcal antibody in both diseases, but in 
rheumatic fever it is a lysin (Todd, 1932 Cobum and 
Pauli, 1932), in rheumatoid arthntis an agglutinin 
(Dawson et al , 1934) The response to salicylates is 
different in the two diseases Inflammatory granulo- 
matous changes regarded as specific for rheumatoid 
arthritis, were found by Steiner et al (1946) in muscle 
tissue obtained by biopsy Similar changes were also 
found (Curtis and Pollard, 1940, Freund et al , 1942) 
in the peripheral nerves These changes were not 
demonstrated in rheumatic fever The above data 
suggest that while evidence of the pathological and 
immunological identity of the two diseases is incomplete 
and in view of more recent investigations open to doubt, 
the two diseases tend to occur under similar circumstances, 
and in the same individual For this reason, and because 
the cardiac changes described at autopsy m rheumatoid 
arthritis resemble rheumatic fever more closely than any 
other known cardiac disease, the possibility that the 
radiological enlargement is due to rheumatic carditis 
deserves attention 

If so, one must explain the discrepancy between the 
presence of the familiar clinical and radiological picture 
in chronic rheumatic carditis and its absence in these 
patients This need still exists, if the anatomical changes 
are an expression of rheumatoid carditis,” because 
regardless of tetiology, it is still not explained why gross 
cardiac disease remains without symptoms or signs 
The heart disease assumed to be present in rheumatoid 
arthritis is characterized by the presence of left 
ventricular enlargement, and the absence of gross con- 
gestive heart failure, acoustic abnormalities, auricular 
fibnllation, and cardiographic changes 

The absence of congestive failure is partly explained 
by assuming a milder myocardial process due to three 
causes (1) A difference in the age at onset, which will 
alter the course of these two forms of heart disease 
owing to the greater sensitivity of the heart in youth to 
the rheumatic agent (Poynton and Schlesinger, 1937, 
Sangster, 1940 De Liee et at, 1943), and the greater 
capacity of the young heart muscle to hypertrophy 
(Palmer, 1937) Hypertrophy, although initially in- 
creasing the efficiency of the heart eventually becomes a 
liability (2) A reduction of physical performance of 
the patient due to joint involvement Available evidence 
suggests that the progression and outcome of rheumatic 
heart disease is influenced by the amount of rest and 
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exercise dunng its course (3) More gradual develop- 
ment of the rheumatic process This would allow for 
smoother adjustment of the heart to the changes m 
circulatory dynamics 

The assumption of a milder form of cardiac disease is 
in keepmg with the statement by Rosenberg et al (1944) 
that the cardiac lesion associated with rheumatoid arthritis 
is not as severe or widespread as such a lesion m young 
persons who have rheumatic fever, and also with the fact 
that in the present senes of patients with rheumatoid 
arthntis, radiologically evident cardiac enlargement, 
although frequently present, was m most cases not 
excessive 

There are two possible contributory causes of the 
absence of abnormal sound phenomena (1) A milder 
myocardial process Triple rhythm due to rapid 
diastolic inflow is the only acoustic abnoiimality m heart 
disease of the rheumatic cardius type, the absence of 
which may be explamed on this basis, since it usually 
accompanies advanced disease (Weber, 1937, Evans, 
1943) (2) Physical properties of the blood The 

incidence and mtensity of other murmurs here being 
considered is not dependent on the extent of cardiac 
mvolvement If as we are informed by those who 
mvestigated such hearts anatomically valvular and 
muscular changes are identical in the two conditions, 
the question arises, whether the physical state of the 
blood accounts for some of the differences Estimation 
of blood velocity and the B M R m ten patients m this 
senes gave normal results, nor did significant murmurs 
appear when blood veloaty was mcreased by exertion 
Information regardmg the kinematic viscosity of full 
blood m rheumatoid arthntis is so far not available and 
is bemg studied at present by Sagar and Fischmann (1947) 

Left ventncular enlargement was found m this series, 
instead of the characteristic cardiac silhouette of rheu- 
matic \alvular disease In chrome rheumatic carditis 
the distnbution of dilatation and hypertrophy of the 
cardiac chambers is determmed by the combined effect 
of the inflammatory lesion and the distnbution of 
mechamcal strain, the latter according to the localization 
of the pathological process m the valves In rheumatoid 
arthritis, on the other hand, with the lessening of physical 
exertion the importance of the mechamcal factor will 
dimmish and the distnbution of enlargement wiU follow 
chiefly, or alone the distnbution of the mflammatoiy 
process In rheumatic carditis Gross and Erhhch (1930) 


found that Aschoff bodies were almost mvanably present 
in the interventncular septum and the postenor wall of 
the left ventricle, while other parts of the heart were less 
frequently invaded Also the enlargement of the heart 
found m patients dying in the early stages of rheumatic 
carditis is largely hmited to the left ventncle (Boyd, 
1931) 

Summary 

The 60 rheumatoid arthntis patients in this senes 
were selected to have normal blood pressure, no 
history of rheumatic fever, and no chest defonmty, 
and to be able to stand upright for cardiac 
radiography 

Clinical and electrocardiographic findmgs were 
negative apart from a tendency to low voltage of the 
standard leads 

Radiological exammation suggested the presence 
of cardiac enlargement m 23 per cent of patients 
Enlargement was left ventncular m 50 per cent of 
these, left ventricular and left auricular in 21 per 
cent, generalized m 29 per cent, and right sided in 
none of the hearts judged enlarged The gullet 
was displaced backward at the level of the left 
auncle m 29 per cent of enlarged hearts 

It IS thought probable that radiologically mamfest 
cardiac enlargement m rheumatoid arthritis is an 
expression either of chronic rheumatic carditis or a 
form of cardiac involvement due to the aetiological 
factor of rheumatoid arthritis 

An attempt is made to explam the prevalence of 
the left ventncle m cardiac enlargement and also 
the absence of chmcal and electrocardiographic 
manifestations of heart disease m the presence of 
radiologically demonstrated enlargement 

The authors are deeply mdebted to Dr F H Smirk, 
Professor of Mediane, Otago Umversity, for his detailed 
cnUcal analysis of this paper, to Dr W E Gnesbach of 
the Thyroid Research Department, Otago University, for 
helpful suggestions, and to Dr E P Neale, Secretary of 
the Auckland Chamber of Commerce, for checking the 
tables Thanks are due to the Supermtendent of the 
Auckland Public Hospital, for the loan of some X-ray 
films, and to Mr A Fischman and Misses K Harper 
and P Newdick, for techmeal assistance 
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Physiological Studies in Congenital Heart Disease 
I Procedures R J Bing, L D Vandam, and 
F D Gray Bull Johns Hopk Hasp , 80, 107-120, 
Feb , 1947 

The technical aspects of physiological studies of cases of 
congenital heart disease are desenbed The procedures 
and fonnulffi mentioned are those dealing with the 
measurement of blood flow in the pulmonary artery, 
systemic circulation, pulmonary capdlary bed, and 
mtracardiac shunts In all, 14 formulse are presented, 
mcluding one for measunng the penpheral resistance 
The techmques used involve the evaluation of oxygen 
and carbon dioxide in artenal and venous blood and also 
m blood collected by mtracardiac catheterization, 
together with determination of the rates of oxygen con- 
sumption and carbon dioxide elimmation by mdirect 
calorimetry 

[This paper cannot easily be abstracted, and those 
mterested m the subject are advised to consult the ongmal 
commumcation ] A I Suchecki 

Physiological Studies in Congenital Heart Disease 
n Results of Preoperative Studies in Patients with 
Tetralogy of Fallot R J Bing, L D Vandam, and 
F D Gray Bull Johns Hopk Hosp , 80, 121-141, 
Feb , 1947 

This paper deals with results of pre-operative studies 
on patients with cardiac abnormalities and m whom a 
reduced pulmonary blood flow is an important feature 
Altogether 120 patients with the tetralogy of Fallot have 
been mvestigated. Here there is an mtracardiac shunt 
from nght to left However, there may be some con- 
comitant flow from left to nght, as indicated by a higher 
oxygen content of nght ventncular blood as compared 
with that of the nght auncle In some cases both 
systemic and pulmonary artery flows are equally reduced 
below normal values the mtracardiac shunt is negligible 
and the aorta nses chiefly from the left ventncle With 
varymg degrees of pulmonary stenosis and ventncular 
septal defect, the systemic blood flow depends to a large 
extent on the importance of the mtracardiac shunt The 

total pulmonary flow (pulmonary capillary flow) ap- 
proaches closely the volume of pulmonary artery flow 
normally and rarely m the tetralogy of Fallot, mdicatmg 
m the latter absence of measurable collateral circulation 
In the majonty of patients with pulmonary stenosis, how- 
ever, pulmonary capillary flow exceeds pulmonary artery 
flow, suggestmg the presence of an important collateral 
arculation to the lungs In 4 patients with pulmonary 
stenosis and patent ductus artenosus the volume of blood 
flow through the ductus could be determmed by measur- 
ing the difierencc between the pulmonary capillary and 
pulmonary artery flows 


It has been shown directly, by mtracardiac catheteriza- 
tion, that the systohe pressure m the nght ventncle m 
cases of the tetralogy is above normal and approximates 
to the systohe pressure m the systemic circulation. In 
8 out of 22 recordmgs the general level of the ventncular 
diastolic pressure was also elevated When the catheter 
is passed mto the stenosed pulmonary artery the pressure 
falls sharply In 3 subjects the systohe pressures m the 
nght ventncle and m the aorta were similar 
In the tetralogy of Fallot the oxygen consumption is 
decreased and t^, the authors suggest, is the result 
of physiological adaptation to chrome anoxia The 
decreased metabohe rate may also be due to a poor 
nutritional status, lack of physical activity, or poor 
calone mtake The ratios ,of oxygen consumed and 
carbon dioxide produced decreased dunng the standard 
exercise test, while the artenal oxygen saturation dropped 
immediately after the exercise This exercise test might 
be of diagnostic help Finally, the authors stress the 
interrelationship of venous-artenal shunts and decreased 
pulmonary blood flow m the production of anoxaenua 
The volume of “ effective pulmonary blood flow ” is the 
determmmg factor A J Suchecki 

Physiological Stndies in Congenital Heart Disease IIL 
Results Obtained in Five Cases of Eisenmenger’s 
Complex R J Bing, L D Vandam, and F D 
Gray Bull Johns Hopk Hosp^ 80, 323-347, June, 
1947 

Physiological methods have been used to study the 
circulation m the heart and great vessels m 5 cases of 
Eisenmenger’s complex Clmically these cases can be 
distinguished from those of Fallot’s tetralogy because the 
cyanosis and clubbed fingers develop later m life, though 
breathlessness on exertion is present from childhood 
The patient also suffers many hsemoptyses, and a loud 
systohe murmur is audible over the base of the heart 
close to the left of the sternum Radioscopy shows a 
promment pulmonary conus, marked vascular root 
shadows, and expansile pulsations m the lung fields 
Such cases are not at present amenable to surgical 
treatment 

In 4 or 5 such cases exercise was accompamed by a rise 
m the ratio of oxygen consumed per htre of ventilation, 
whereas m patients with the tetralogy of Fallot the ratio 
usually dechnes The preponderant shunt of blood was 
from the left to the n^t ventncle m 3 cases and from 
nght to left in 2, though m all there was interventncular 
mixmg of blood The authors beheve that there is an 
mcreased resistance m the pulmonary bed m these cases, 
because there was no marked tendency for the blood to 
flow from left to nght and because the pulmonary artenal 
pressure was mcreased The calculated work of the 
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right ventncle was 30 to 50% of that of the whole heart, 
whereas it is usually 15% and the ratio velocity 
energy/total work, when calculated for the right ventncle, 
was only one-tenth of the normal It is pointed out that 
in some cases of septal defects in infants generalized 
narrowmg of the pulmonary artenoles due to thickening 
of the media and intima has been found, and similar 
changes have been descnbed m 2 cases of large mter- 
auncular septal defect These post-mortem findings 
appear to tally with the ante-mortem finding of increased 
pulmonary vascular resistance H E Holltng 

Studies of Congenital Heart Disease I Teclinique 
of Venous Catheterization as a Diagnostic Procedure 
L Dexter, F W Haynes, C S Burwell, E C 
Eppinger, R E Seibel, and J M Evans J elm 
Invest , 26, 547-553, May, 1947 

This paper, the first of a series of three, deals with the 
application of intracardiac cathetenzation to the study 
and diagnosis of congenital heart disease The method 
descnbed by the investigators is that introduced by Cour- 
nand and his associates for the study of hjemodynamics 
Several samples of blood from the ri^t cardiac chambers 
and pulmonary artery and vena cava are collected and 
examined for oxygen content, m addition, blood from 
the femoral artery and oxygen consumption are studied 
The data obtamed can be utilized for the calculation of 
blood flow in patients with congenital heart disease 
(Pick’s formula) The volume of flow through single 
one-directional shunts may most easily be estimated by 
calculatmg the difference between the pulmonary and 
penpheral flows The estimation becomes more difficult 
when double shunts, shunts m both directions, and col- 
lateral circulation are present The authors give details 
of estimation of the blood pressure m the pulmonary 
artery, nght ventricle, and nght auncle A contmuous 
pressure curve can be recorded during the withdrawal of 
the catheter from the pulmonary artery through the nght 
cardiac chambers The method of intracardiac catheter- 
ization, as already shown by others, carries no danger 
In a few patients ventncular extrasystoles and auncular 
fibnllation have been noted, but these, as well as a venous 
spasm occasionally seen, are transient Of 42 patients, 
only 1 presented symptoms troublesome enough to require 
interruption of the procedure A I Suchecki 

Studies of Congenital Heart Disease II The Pressure 
and Oxygen Content of Blood in the Right Auncle, Right 
Ventricle, and Pulmonary Artery in Control Patients, 
wth Observations on the Oxygen Saturation and Source 
of Pulmonary “ Capillary ” Blood L Dexter, F W 
Haynes, C S Burwell, E C Eppinger, R P 
Sagerson, and J M Evans J chn Invest, 26, 
554-560, May, 1947 

This communication deals solely with results of mtra- 
cardiac catheterization performed m control patients 
known to have no congemtal cardiac defect The blood 
pressures m each chamber have been recorded, and there 
seems to be little difference between pulmonary artery and 
right ventncle pressures this normal finding contrasts 


with that in pulmonary stenosis, where the systolic 
ventncular pressure is clearly higher than that m the 
pulmonary artery In some congemtal heart conditions, 
left to right shunt mtroduces artenal blood into the nght 
chambers, thereby mcreasing the oxygen content of blood 
in the latter What, then, are the normal variations in 
oxygen content in the nght heart? The results in the 
controls show that the greatest mciease in oxygen from 
the supenor vena cava to the nght auncle is 1 9 vol %, 
from the nght auncle to the nght ventncle, 0 9 vol 
and from the nght ventncle to the pulmonary artery, 
0 5 vol % Within each chamber variation of oxygen 
content occurs, it is mmimal in the pulmonary artery 
It IS suggested by the authors that blood from the 
pulmonary artery be employed for the determination of 
oxygen content in mixed venous blood for use in Fick’s 
formula Lastly, by companng the oxygen values of a 
sample of blood obtained through the catheter obstruct- 
ing a small branch of the pulmonary artery with that from 
the femoral artery, the investigators have shown that the 
former blood onginates m the pulmonary capillary and 
venous bed rather than in pre-capilIary anastomoses 
with systemic artenes A I Suchecki 


Studies of Congenital Heart Disease in Venous 
Catheterization as a Diagnostic Aid in Patent Ductus 
Artenosis, Tetralogy of Fallot, Ventncular Septal 
Defect, and Auricular Septal Defect L Dexter, 
F W Haynes, C S Burwell, E C Eppinger, M C 
SosMAN, and J M Evans J din Invest , 26, 561- 
567, May, 1947 

The authors describe intracardiac cathetenzation as a 
diagnostic aid in 7 patients with four varieties of con- 
genital heart disease (1) Patent ductus arteriosus the 
oxygen content of the blood in the pulmonary artery was, 
in 1 patient, 2 2 vol % higher than that from the right 
ventncle This is taken as direct evidence of entry of 
artenal blood into the pulmonary artery, a less constant 
findmg is an elevation of blood pressure m the pulmonary 
artery and the nght ventncle (2) Tetralogy of Fallot 
pulmonary stenosis was recognized by finding a higher 
systolic pressure in the right ventricle than in the pul- 
monary artery, and a narrow pulse pressure in the latter 
In another case the mtracardiac catheter passed from the 
nght ventncle to the aorta, thus demonstrating a ventn- 
cular septal defect (3) Interventncular septal defect 
(Roger’s disease) in I case the blood in the nght 
ventricle was found to be more highly oxygenated than 
that in the right auncle (4) Interauncular septal defect 
cases may be diagnosed by introducing the catheter into 
the left auricle through the septal defect, or by finding 
a significant increase in the oxygen content of blood in 
the nght auncle (left to right shunt) In 1 such case a 
large increase of oxygenation of blood in the nght 
auncle was found as compared with that of the supenor 
vena cava (more than 1 9 vol %), the value was 
practically identical with that found in the femoral artery 
Similar findings to those in group 4 can be seen in tricus- 
pid insufficiency associated with interventricular septal 
defect, and m the rare cases where a pulmonary vein 
empties mto the nght auncle A I Suchecki 
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Venous Catheterization of the Heart I Indications, 

Technics, and Eirors M C Sosman Radiology, 48, 

441-450, May, 1947 

Catheterization of the right heart is most useful m the 
study of hEemodynamics and m helping to establish an 
accurate diagnosis m congenital heart disease In 
addition, the method has been used in the study of cere- 
bral, renal, and hepatic physiology, in order to collect 
samples of blood directly from the jugular, renal, and 
hepatic veins 

From the median basilic vem in either antecubital 
fossa the catheter, made of woven silk, is passed upward 
mto the axillary vein, the supenor vena cava, and the 
nght auncle From there it may be guided mto the nght 
ventncle or, as the patient takes a deep breath, into the 
infenor vena cava, thence mto either renal vem or mto 
one of the hepatic veins The direction of the tip of the 
catheter is controlled under mtermittent fluoroscopic 
vision by twistmg its proxmial end The tip moves with 
each cardiac pulsation, shghtly m the auncle but much 
more so when the nght ventncle is entered From the 
nght ventncle the catheter may be guided mto either 
nght or left pulmonary artery Qottmg of blood m 
the catheter is prevented by contmuous perfusion of 
normal sahne 

All patients have a test of basal metabohsm before 
catheterization to determme their oxygen consumption 
Artenal blood is withdrawn under oil by puncture of 
the femoral artery, for determination of artenal oxygen 
saturabon In patients with congemtal heart disease, 
samples of blood are withdrawn from the pulmonary 
artery, nght ventncle, nght auricle, and supenor vena 
cava, and films are taken o£ the catheter tip m each 
position Peripheral blood flow is calculated by the 
direct Fick prmaple of dividing the oxygen consumption 
by the artenovenous oxygen difference between the 
femoral artery and the nght heart Pulmonary flow may 
be estimated by dmdmg the oxygen consumption by the 
difference m oxygen content of the pulmonary artery 
and the femoral artery The value of teamwork is 
stressed 

Examination was unsatisfactory m 13 out of 100 patients 
tested, causes for failure included unsatisfactory veins, 
spasm of vein around the catheter, kmkmg of an un- 
satisfactory catheter, and unco-operative patients 
General anajsthesia is mdicated only m young children 
Extrasystoles were sometimes noted as the tip of the 
catheter passed through the tricuspid valve In only 
two instances were subjective symptoms distressing enough 
to cause abandonment of the procedure No evidence of 
thrombus formation or of damage to the endothelium pf 
the large veins or heart has been found Coumand has 
reported 1200 such examinations without fatahty or 
senous comphcations from passage of the catheter 

Several radiographs, illustrating “ normal ” and 
abnormal or accidental positions of the catheter tip, add 
to the mterest of this paper Thus the tip is seen in an 
azygos vein, in an additional left-sided supenor vena 
cava, m a coronary venous smus, m a nght-arched 
aorta, and (through an auncular septal defect) in a 
pulmonary vein t Semple 


Venous Catheterization of the Heart n Results, 
Interpretations, and Value L Dexter Radiology, 
48, 451-462, May, 1947 

This paper discusses diagnostic aid obtainable m con- 
genital heart disease by previous abstract In auncular 
septal defect the catheter may be introduced through the 
defect or artenal blood may be found in the right auncle 
The recognition ofanimcomplicated mterventncular septal 
defect depends on findmg a significantly higher oxygen 
content of blood in the nght ventncle than in the nght 
auncle In the tetralogy of Fallot the venous catheter 
may pass through^the stenosed pulmonary valve into the 
pulmonary artery, where the pressure would be lower 
than that of the nght ventncle, or it may pass through 
the septal defect and go duectly mto the ovemding aorta 
In patent ductus artenosus, blood from the pulmonary 
artery has a higher oxygen content than that from the 
nght ventncle 

With the aid of Ime drawmgs and serial radiographs 
the passage of the catheter is demonstrated from the 
superior vena cava to vanous positions m the 
representative types of cogemtally abnormal heart 

T Semple 

Experimental Serum Carditis and its Relationship to 
Rheumatic Fever E F McKeown J Path Bact , 
59, 547-555, Oct , 1947 

It has been reported by other workers that cellular 
infiltrations m the heart like those of rheumatic carditis 
have been found m 2 fatal cases of serum sickness, 
and that polyartentis, like the occasional polyartentis 
nodosa which may comphcate rheumatic fever, may be a 
result of sensitization Cardiac lesions, which show many 
of the histological characters of the rheumatic lesion, 
may also be found m the experimentally sensitized 
animals The work here reported is an attempt to 
venfy these experimental observations 
Rabbits were given 10 ml of horse scrum per kg body 
weight mtravenously or intrapentoneally 17 days later 
1 ml of serum was injected mtravenously to absorb 
circulating antibody 2 days later the imtial dose of 
serum was repeated, 1 week later, and m some mstanccs 
after longer intervals, the animals were killed The 
vascular lesions descnbed could be found after a single 
mjection of serum, but were more widespread m animals 
leceivmg a second dose They were present in 88% of the 
animals, the coronary artenes were most often affected 
The histological appearances of an inflammatory 
exudate surroundmg and infiltrating the vessel are fully 
descnbed 

Small granulomata closely resemblmg the Aschoff 
nodule of rheumatic -fever were often found m the myo- 
cardium Inflammatory nodules were also found m the 
endocardium, leading to fibrotic' thickemng Similar 
lesions were found m the imtral valve and valve nng, less 
frequently m the aortic and tncuspid valves, and never m 
the pulmonary valve The author believes that m 
histological structure and m site these expenmental 
lesions are identical with those of rheumatic fever, and 
concludes that hypersensitivity is probably the essential 
mechanism m the production of the rheumatic lesion 

Kenneth Stone 
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New Test for Hypertension due to Qrculating Epinephrine 
M Goldenberg, C H Snyder, and H Aranow 
J Amer med , 135, 971-$76, Dec 13, 1947 
The only cbrucally significant type of hypertension due 
to circulating adrenaline results from phaeochromo- 
cytoma It is suggested that this tumour may be much 
more common than is generally realized The diagnosis 
IS dependent on (1) the typical syndrome of paro- 
xysmal hypertension with signs of vasoconstnction, 
pallor, headache, vomitmg, and tachycardia, hyper- 
tension may sometimes be persistent, (2) demonstration 
of the tumour by penrenal insufflation of air, this may 
not succeed as there are other sites m which chromafiin 
tissue may occur, (3) demonstration of circulating 
adrenalme in the blood, but this may be very difficult 
The pnnciple of the new procedure described js that 
hypertension due to circulatmg adrenalme will be 
abolished by the injection of adrenolytic compounds, 
hypertension due to any other cause will persist Benzo- 
dioxanes m tolerable doses are adrenolytic only, and not 
sympathicolytic Pipendyl methyl benzodioxane was 
used in a dose of 0 25 mg per kilo mtravenously In 
cases of phseochromocytoma the injection of ^nzo- 
dioxane was followed by a fall in blood pressure which 
lasted for several minutes in 3 out of 4 cases In the 
fourth the pressure fall was slighter The diagnosis was 
confirmed at operation in all these cases In patients 
with essential hypertension the blood pressure usually 
rose after benzodioxane, but rarely a slight and less 
sigmficant fall of pressure took place Benzodioxane 
produced some side-effects, such as tachycardia, flushmg, 
palpitation, coldness of limbs, and dizziness Fourteen 
patients found it unpleasant, while 44 were undisturbed 
by the test J McMichael 

Studies on Plant Hypertensmase F Gollan, E 
Richardson, and H GouiBLATr J exp Med , 87, 
29-39, Jan 1, 1948 

The extraction of hypertensmase from wheat bran is 
desenbed A preparation free from renm and with low 
toxicity was produced This was found to cause a nse m 
plasma hypertensmase when injected mtravenously mto 
dogs but not when injected intramuscularly The 
reaction of these animals to injections of hypertensm or 
remn was less marked. In dogs with experimental 
hypertension the blood pressure was reduced by inffa- 
venous hypertensmase, while the plasma hypertensmase 
level remained high, though hjTpertensm could be 
detected in the plasma These effects were not produced 
by inactivated hypertensmase Majorie Le Vay 

Spinal Nerve Root Pain (Radiculitis) Simulating Coronary 
Occlusion A Common Syndrome D Davis Amer 
Heart!, 35, 70-80, Jan , 1948 
More careful investigation of some cases diagnosed as 
coronary thrombosis reveals that they are really cases of 
spinal nerve root pain The author desenbes 10 such 
patients who were under his care durmg 1946 The 
patients had desenbed praecordial pam coming on in 
attacks and radiatmg either to the left arm or to the jaw, 
but a more careful probing of the history revealed that 


the pains might come on m bed, after there had been 
certam movements of the spme, or after such acts as 
coughmg, sneezmg, or straimng at stool Pressure over 
the dorsal vertebrie might provoke an attack, and 
tenderness m the region of the costo-chondral junctions 
might be eliated The diagnosis can be confirmed by 
the beneficial response to postural correction and 
mampulation of the cervico-dorsal spme Cervico- 
dorsal radiculitis may also coexist with coronary disease 
Recogmtion of the syndrome and differentiation from 
coronary disease may prevent much unnecessaiy 
mvahdism H E Hailing 

Vitamin E in Angina Pectoris D H Makinson, S 
Oleesky, and R V Stone Lancet, 1, 102, Jan 17, 
J948 

Twenty-two patients with typical angma of effort were 
treated with vitamm E, phenobarbitone, ammophyllme, 
and calcium lactate, each drug bemg given for 3 weeks, 
after which the patients were asked to compare the effects 
of the drugs From this small but clmically significant 
senes it is concluded that vitamm E is not of any thera- 
peutic value m the routme treatment of angma pcctons 
— [Authors’ summary] 

The Use of Dicnmarol in Experimental Coronary 
Occlusion I The Ineffectiveness of Dicumarol when 
Ligation IS the Method of Occlusion E J Beattie, 
E C Cutler, M Fauteux, T D Kinney, and H D 
Levine Amer Heart J , 35, 94-105, Jan , 1948 
Die descending branch of the left coronary artery was 
crushed or hgated m 40 healthy dogs Ligation was 
found to be a more certam way of produemg an infarct, 
and for vanous reasons only 22 of the ligation experiments 
were found to be smtable for mclusion m the study 
One group of these dogs was given adequate doses of 
dicoumarol after the ligation, a control group received 
no dicoumarol The electrocardiographic and patho- 
logical changes were studied m both groups and no 
sigmficant differences were found Before applymg 
these results to expencnce with human cases of coronary 
occlusion the limitations of the experiments must be 
borne m mind (a) The coronary arteries of these dogs 
were healthy and therefore less likely to be the scat of an 
extensive thrombosis than the coronary artery of patients 
(h) The experiments produced abrupt and total occlusion 
whereas m clmical coronary thrombosis the occlusion 
may be gradual (c) Ifemorrhage after the operation 
was the cause of death m 3 of the dogs receivmg dicou- 
marol and this factor would not operate m clmical work 
id) The number of satisfactory experiments is too small 
for statistical analysis ^ ^ Hailing 

Rupture of the Heart Following Acute Myocardial 
Infarction R S Diaz-Rivera and A J Miller 
Amer Heart!, 35, 126-133, Jan , 1948 
Rupture of the heart occurred in 5 of 147 cases of 
myocardial infarction coming to necropsy, all 5 cases 
were from a group of 53 m which the infarction was 
acute Rupture of the mtcrventncular septum had been 
recognized ante mortem by the anginal pam followed by 
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the sudden appearance of a systolic murmur and the 
electrocardiographic changes typical of myocardial 
infarction and right axis deviation In every instance of 
rupture of the left ventncle, clotting of the blood in the 
pencardium had occurred, and it was evidence that 
cardiac rupture resultmg from acute myocardial infarc- 
tion was not a cause of instantaneous death 

H E Hailing 

Treatment of Angina Pectoris by Reduction of Basal 
Metabolism G Schoenewald Bnt med /, 1, 
251-253, Feb 7, 1948 

The author divides cases of angina pectons into three 
groups — obese, aniemic, and slim Patients in the first 
two groups can be helped by weight reduction and by 
correction of antemia respectively, those in the third 
group can be given mtroglycenn to shorten their attacks 
Commentmg on total surgical removal of the thyroid 
gland, which has not been widely practised in Britain, the 
author describes 3 patients treated ambulantly with 
methylthiouraal All were given 600 mg daily for 
several weeks, with improvement in each case It is 
noted that in order to reduce thyroid activity it is neces- 
sary to give much larger doses for a longer penod to 
pauents with normal thyroid activity than to those with 
thyrotoxicosis Geoffrey McComas 

The Electrocardiographic Diagnosis of Right Ventricular 
Hypertrophy G B Mvers, H \ Klein, and B E 
Stofer Amer Heart J , 35, 1-40, Jan , 1948 
The electrocardiographic cntena for the diagnosis of 
nght ventncular hypertrophy have been reconsidered 
A critical review of the hterature is presented Forty 
cases of nght ventncular hypertrophy proven at necropsy 
were carefully studied The authors find, as previous 
workers have shown, that nght axis deviation in the 
standard leads, with depression of RST2 and RST3 and 
with mversion of T1 and T2, is not diagnostic of nght 
ventncular hypertrophy This pattern may be found in 
left ventncular hypertrophy and even m normal subjects 
when the heart is in a vertical position [For the electro- 
cardiographic features now considered typical of nght 
ventncular hypertrophy the ongmal paper must be 
consulted ] H E Hailing 

Effect of Increasing the Blood Volume and Right Atnal 
Pressure on the Circulation of Normal Subjects by 
Intravenous Infusions J V Warren, E S Brannon, 
H S Weens, and E A Stead Amer J Med , 4, 
193-200, Feb , 1948 

A senes of normal young subjects were given mtra- 
venous infusions of normal sahne or 5% human serum 
albumin m normal sahne The amounts ranged from 
750 to 1,825 ml and were given at rates rangmg from 32 
to 72 ml per minute The increase m blood volume 
consistently caused a nse m nght auncular pressure, but 
cardiac output, artenal blood pressure, and pulse rate 
showed no consistent changes Vanations m auncular 
pressure of about 125 mm water produced no demon- 
strable changes m the transverse diameter of the heart 
It IS concluded that mcreasing the blood volume and 

K 


auncular pressure throws no demonstrable burden on the 
circulation of normal subjects It is suggested (a) that 
this may also be true of patients with cardiac failure, 
(b) that m them acute pulmonary cedema is precipitated 
by intravenous infusions because certain factors operate 
to cause a large portion of the administered fluid to 
accumulate in lungs already moderately oedematous 

R T Grant 

Expenences in the Management of Subacute Bacterial 
^docardihs Treated with Penicillin P A Tumulty 
and A McG Harvey Amer J Med, 4, 37-54, 
Jan , 1948 

Of 35 patients sufienpg from subacute bacterial endo- 
carditis who were treated with pemcilhn 22 recovered, 
of these 12 remained well over penods of 3 to 36 months, 
7 had some, usually mild, cardiac symptoms, one 
suffered from increasing heart failure, one died of 
cardiac and renal failure 5 months after the conclusion 
of treatment, and another died, after 6 months, in a 
mental hospital , the cause of death in the last case could 
not be ascertained by the authors These patients had 
received pemcilhn treatment for 13 to 100 days, the 
amounts given daily varying between 200,000 and 
18,000,000 units, with totals of 3,500,000 to 1,450,000,000 
umts Of the 13 patients who did not recover only 4 
were regarded as havmg received adequate treatment with 
pemallm, the cause of death m most of them was 
cardiac failure and embohsm Two died of myocardial 
infarction, which, m one case, was caused by a mycotic 
aneurysm of a coronary artery and in the other by 
coronary thrombosis 

The authors stress the difficulty of chmeal diagnosis m 
the frequent absence of the classical signs, and the import- 
ance of retaimng and reviewing blood cultures for 3 weeks 
before discardmg them as sterile The possibility of 
unusual causative organisms, such as the genus Bac- 
teroides, is to be kept in mmd The authors consider as 
a “ basic and minimal treatment schedule ” 100,000 umts 
of pemcillm 2-hourly for 8 weeks, and assess satisfactory 
response mainly on climcal criteria, such as return of 
temperature and pulse rate to normal, improved appetite, 
and general well-bemg If necessary, the dose of 
pemcdlm must be mcieased until satisfactory response is 
obtained As a prophylactic measure against the 
development of subacute bactenal endocarditis in 
patients who suffer from valvular or congemtal heart 
disease, the administration is recommended of at least 
500,000 umts of pemcillm a day for 4 days m the case of 
dental extractions or other surgical procedures and 
mampulations which are hkely to produce a transient 
bacten$nua jg Samet 

Effect of Tetraethyl Ammonium Chloride on a Mixed Type 
of Hypersensitive Carotid Sinus Syndrome. R D 
Taylor, L C Underwood, and I H Page J Lab 
dm Med, 22, 1491-1495, Dec , 1947 

The effect of the mtravenous injecUon of atropme 
and of tetraethyl ammomum chlonde was observed m a 
patient m whom pressure on the carotid sinus provoked 
bradycardia, fall in blood pressure, giddmess, and 
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syncope Atropine prevented the slowing of the pulse 
rate but not the fall m blood pressure Tetraethyl 
ammonium chlonde prevented both the bradycardia and 
hypotension The inhibition of the vegetative system by 
tetraethyl persisted for only 30 to 40 mmutes, and the 
drug IS therefore not recommended for treatment of this 
type of case R t Grant 

Hypertensive Vascular Disease Duration of Life in a 
Elected Series D W Blood and G A Perera 
Amer J Med , 4, 83-88, Jan , 1948 
In order to assess the prognosis m cases of “ bemgn,” 
hypertension 50 patients were studied who, when first 
seen, had not sigmficant symptoms but consistently had 
blood pressures of over 140/90 mm Hg Their ages 
vaned from 22 to 57, the average being 42, and 41 were 
females and 9 males The average length of observation 
was 17 years and vaned from 10 to 27 years Sixteen 
patients died, the majonty as a result of cardiovascular 
complications or cerebral vascular acadents, 24 were 
free from significant symptoms when last seen It was 
not possible to correlate prognosis with initial height of 
blood pressure, symptoms of headache or palpitation, 
the presence of cardiac enlargement, albummuna, mmor 
electrocardiographic changes, or retmal arteno-venous 
compression Symptoms of cardiac failure appeared late 
m the course of the disease , 8 of the 22 patients develop- 
ing such symptoms died after an average of 8 years from 
the first symptom On the other hand, only one of the 
9 patients developmg cardiac pam survived, the average 
duration of life from the onset of pam being 5 years 

C Bruce Perry 

Severe Hypertension In Young Persons A Study of 50 
Cases R Pjatt Quart J Med , 27, 83-93, Jan , 
1948 

As a result of mvestigation mto the cause of 64 cases 
(14 more are contamed m an addendum) of severe hyper- 
tension m patients under the age of 40, the author con- 
cludes that the impression that one of the outstandmg 
features of mahgnant hypertension is its frequent 
occurrence m young adults and even m children, is 
erroneous Although he did not personally select his 
cases, he is careful to pomt out that as his mterest m this 
subject IS known by practitioners he has been sent a 
disproportionate number of rarities He emphasizes 
the great difficulty of distmguishmg essential hypertension 
from hypertension due to demonstrable causes, and states 
that at times the diagnosis cannot be made with certamty 


even microscopically For example, it may be impossible 
to distmguish atrophic pyelonephnUs with hypertension 
from essential hypertension with pyelonephritis A 
cause of the hypertension was discovered m 48 of the 
64 cases Of the remaming 16 cases of essential hyper- 
tension only 5 were malignant Essential malignant 
hypertension was not encountered in patients under the 
age of 34, young persons with the malignant type of 
hypertension are nearly always sufiermg from secondary 
hypertension, especially that due to pyelonephritis It 
was thought probable that bemgn and malignant hyper- 
tension begm at about the same age, the ages at which 
they vrere encountered chmcally m this senes was” 45 2 
years for malignant hypertension and 53 2 years for 
bemgn hypertension s Oram 


The Relationship of Chronic Alcoholism to Atherosclerosis 
S L WiLENS J Amer med ^rr, 135, 1136-1139, 
Dec 27, 1947 

This IS a study of necropsy findings m 519 persons 
nged 35 or older, with chrome excessive alcoholism at 
Bellevue Hospital, New York, during the past 12 years 
In approximately one-half of these addicts the daily 
consumption was known to have exceeded 1 pmt 
(568 ml ) of whisky or its eqmvalent for many years In 
all the others consumption was known to have been 
excessive for long penods of time The incidence of 
atherosclerosis is compared with that m a control group 
of 600 consecutive necropsies of total abstamers and 
moderate consumers of alcohol, aged 35 or older In the 
alcoholic group atherosclerosis was less common and 
less severe than m the control group, as also were lesions 
of the coronary and cerebral arteries An explanation 
may be found in the fact that although three-fourths of 
the control group were 55 years or older at death, only 
one-half of the alcoholic men and one-fourth of the 
women survived beyond the age of 55 Of the alcoholics 
28% had cirrhosis, but this did not mcrease the incidence 
of atherosclerosis In age groups the mcidence of athero- 
sclerosis m the 423 alcohohe and 434 non-alcohohc 
men was almost identical The author considers that 
the differences m mcidence of atherosclerosis in the two 
groups depend not on alcoholism itself but on associated 
differences m age, blood pressure, and nutnUon Hyper- 
tension, diabetes, and obesity were all less common m 
the alqohohcs His conclusion is that substitution of 
alcohol for ordmary foods m the diet has no appreciable 
effect on the development of atherosclerosis 

Donald Hall 



PATHOGENESIS OF LEFT BUNDLE BRANCH BLOCK 


BY 

HAKON RASMUSSEN AND TORJUS MOE 

From the Rikshospital, Med Dept B , Professor H A Salvesen, and from Ulleval Hospital, Dept VIII, 

Chief Physician Carl Muller, Oslo, Norway 

Received February 2! 1947 

In 1909 Eppinger and Rothberger showed that group of hypertensive patients, it was found that 
characteristic changes m the electrocardiogram arose the cardiogram of left ventricular hypertrophy and 
after section of the right and left branches of the of left bundle branch block developed gradually, 
bundle of His m dogs, and the followmg year these pan passu with increase in the size of the heart 
experimental results were applied to human path- (Rasmussen and Boe, 1945) It was also shown that 
ology, so that bundle branch block became a as the cardiogram changed from a normal pattern 
clinical concept Since that time the electro- to that of left hypertrophy, the duration of QRS 
cardiogram onginally designated nght branch block increased so that the curve reached the left bundle 
has come to be regarded as indicative of a left- branch block type, which is characterized by a QRS 
sided lesion, and vice versa, and this new con- of at least 0 12 sec 

ception must be considered as well-founded Master and his associates (1940) investigated 100 
(Rasmussen, 1942) Apart from this correction, patients with either left or right bundle branch 
current opmion holds as m 1910, that the bundle block, and some with complete A-V block, and 
branch block cardiogram is an indication of local concluded that “ chronic bundle branch block, m 
damage to the nght or left branch of the bundle most instances, is the result of an mcrease in the 
of His However, m the last ten years especially, size of the heart and of myocardial damage, with 
the great sunilanty between the so-called electro- diffuse mvolvement of the bundle branch system ” 
cardiogram of left ventricular hypertrophy and that of If enlargement of the left heart, by retardmg the 
left bundle branch block has often been emphasized, impulse to that side, can produce m the electro- 
and It has been suggested that the latter, like the cardiogram a left ventricular hypertrophy curve 
former, may be due to great enlargement of the left or a left bundle branch block, is it hypertrophy or 
ventncle, without any local lesion of the branch dilatation that is the essential factor'^ Further, it 
being present may be asked whether retardation of the impulse 

In an investigation of the electrocardiogram m is due sunply and solely to lengthening of its path, 
essential hypertension, Rasmussen and Thingstad or to damage to the subendocardial network 
(1939) concluded that great enlargement of the left resulting from mcreased strain or distension'’ 
ventricle was the common cause of the left bundle While for the present we may leave the latter 
branch block cardiogram In cases of hyper- question unanswered, we think there are grounds 
tension with gross cardiac enlargement they found for behevmg that dilatation of one half of the heart 
the left bundle branch block cardiogram as a is a decisive factor This view is based partly upon 
sequence of the left ventricular hypertrophy curve the above-mentioned experunents relating to dilata- 
This view has been confirmed by further investiga- tion of the nght or left heart, partly upon the well- 

tions In a senes of 100 patients with aortic known phenomenon that a pulmonary embolism not 
insufficiency, a similar concordance between the infrequently produces a nght bundle branch block 
type of cardiogram and cardiac enlargement was curve, presumably due to dilatation of the nght 
found as in hypertension (Rasmussen, 1944) By heart, and also partly upon chnical observations 
producing dilatation of the nght and of the left We may illustrate this pomt of view by a few 
heart m experiments on dogs it was possible to examples Fig 1 shows radiograms of the heart of 
produce typical bundle branch block electrocardio- a paUent with hypertension, taken before and after 
grams (Rasmussen, 1942) On re-examinauon of a sympathectomy, with an interval of about two 
o 141 
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Fio 1 —Telecardiograms from case of hypertension (Al) before, and (A2), two months later, 

after sympathectomy 


months between the photographs After operation 
the size of the heart is seen to have decreased con-' 
siderably The blood pressure before operation 
was 240/130, afterwards 120/75 mm Fig 2 shows 
the cardiograms from this case, before and after 
operation Comcident with a decrease m the size 


of the heart the typical left ventncular hypertrophy 
curve has changed to a normal pattern It seems 
probable that we are here concerned with dilatation 
which has subsided and not with hypertrophy 
Fig 3 and 4 show cardiograms and radiograms 
taken at an mterval of 7 months from a woman 



Fig 2 — ^Electrocardiograms from same case as Fig 
1 (Al) before sympathectomy shows “ left 
ventncular hypertrophy curve” (A2), two 
months later, after sympathectomy, showmg 
return to normal curve 



Fig 3 — ^Electrocardiograms from case of aortic stenosis 
(A) showing “ left ventncular hypertrophy curve ”, (B) 
6 months later, showmg a left bimtUe branch block 
curve 
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A B 

Fig 4 — Telecardiograms from same case as Fig 3, showing (A) normal sized heart, and 
(B) 6 months later, considerable enlargement to the left 


aged 57 with aortic stenosis The cardiogram has 
changed from a left ventricular hypertrophy curve 
to a left bundle branch block curve, coincident with 
a considerable increase in size of the heart, seen in 
the radiograms In this case also, it seems reason- 
able to suppose that the enlargement occurnng m 
the course of seven months is due to dilatation rather 
than to hypertrophy 

We have mvestigated a senes of 100 patients with 
permanent left bundle branch block cardiograms, 
assembled from the Rikshospital and from Ulleval 
Hospital From the clinical data, radiograms and 
autopsies m these cases we have attempted to 
determine how often left bundle branch block is 
associated with heart diseases causing enlargement 
of the left ventncle and, further, how often con- 
ditions occur that may be supposed to produce a 
local lesion of the branch 

The types of left bundle branch block curves found 
in our cases are shown in Fig 5 The first type, 
wth high voltage, and discordant and diphasic 
ventricular complexes, was found in 78 patients, the 
characteristic praecordial leads are also shown The 
second type, where Q or S is a prominent feature, 
tvas found m 5 patients The third type, with 
lower voltage, although higher than 0 5 mv , some- 
times with diphasic sometimes with monophasic 
ventncular complexes, as in the figure, was seen in 
17 patients We have omitted from the senes cases 
of intermittent and transient bundle branch block, 
the Wolff-Parkinson- White type, and bundle branch 
block associated with complete A-V block The 


duration of QRS m our cases is given m Fig 6 
We have taken 0 12 sec as the lower limit of QRS in 
bundle branch block, and the upper limit m our 
cases was 0 2 sec Fourteen patients had auricular 
fibrillation, two auncular flutter, and six incomplete 
and partial A-V block 


TABLE I 

Age Distribution in 100 Patients with Left 
B B Block Electrocardiogram 


I 

Age 1 

Men 

Women 

Total 

years 

20-29 1 

1 

0 1 

1 

30-39 

0 1 

1 

i 1 

40-49 

2 

1 

3 

50-59 

6 

9 

15 

60-69 

23 

14 1 

37 

70-79 

17 , 

15 

32 

80-89 

4 ’ 

5 

9 

90-99 

1 

1 

1 2 

Total 

54 

46 j 

100 


The age distribution of our cases is shown in 
Table I The youngest was 25, the oldest 91 years 
of age Seventy-seven patients had dyspnoea on 
exertion, 31 angma pectoris on exertion, 18 anginal 
attacks at rest, and 17 had congestive heart failure 
Nocturnal dyspnoea, sometimes with pulmonary 
oedema, was noted m 41 cases, indicatmg a very 
high frequency of left ventricular failure In 5 or 6 
cases, cardiac symptoms were absent or slight, the 
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A BCD 

Fig 5 — ^Types of left bundle branch block curve encountered. 
(A) The most common type and (B) typical praecordial leads, 
(Q rarer type with Q wave, (D) rare type with positive T 
wave m lead I and without hi^ voltage (Time marker 0 I 
and 0 02 second ) 



QRS interval m 0 01 sec 

Fig 6 — Distribution curve of duration of QRS deflections m left bundle branch block cases 


bundle branch block cardiogram being here an 
acadental finding m patients with other diseases 
(melanosarcoma, cancer of the stomach, etc) 
Table II gives the cardiac diagnoses, based upon 
climcal findmgs and autopsies, and the size of the 
heart m the different groups In classifying these 
cases, difficulty arose mainly m regard to the 
hypertensive and artenosclerotic groups We 
beheve that the mcidence of hypertension has been 
underestimated, as past hypertension could not be 
detemuned from the case records In the arterio- 


sclerotic group have been placed patients of relatively 
advanced age, with moderately raised or normd 
blood pressure, with moderate or no enlargement of 
the heart, and those with signs of severe arteno- 
sclerosis The group with tmcertam astiology 
mcludes four patients with systohc and one with dia- 
stolic hypertension, one with syphihs, one with 
thyrotoxicosis, one with leukasmia, and one with 
pulmonary embolism 

The size of the heart, given m Table 11, was 
assessed partly from teleradiograms and partly at 
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TABLE II 

CuNiCAL Diagnosis of Heart Disease (partly based on Autopsies) and Cardiac Enlargement in 100 

Patients with Left B B Block 


Cardiac Enlargement 


I 

1 


1 

1 

' No roent- 

Heart Disease 

1 Number of 

, Gross 1 

Medium 

Slight and 

i Not 

1 genogram 


1 cases 

i 

severe 

j moderate 

i 1 

1 enlarged 

or autopsy 

Aortic stenosis ' 

13 

. 7 

3 

1 2 

' 0 

^ 1 

Aortic insufficiency (luetic 


1 





aortitis 3) 

6 

5 

I 

' 0 

0 

— 

Hypertensive 

39 

, 19 

7 

7 1 

' I 

5 

Probable hypertensive 1 

3 

' 1 

I 

I 

1 1 

— 

Renal disease with hypertension i 

1 6 

' 2 { 

2 

, 2 

j 

— 

Hypertensive with myocardial 





1 


infarction 

9 

) 6 

1 

1 0 1 
1 

^ 1 

1 1 

“ Left-sided ” heart disease 

76 

1 1 
' - 1 

- 

1 

1 

1 

Myocardial infarction 

1 3 

1 1 

0 

: 0 , 

1 

1 

Artenosclerotic 

6 

1 ' 

0 

1 3 1 

1 

! 

Uncertain or unclassifiablc 

1 ‘4 

1 4 , 

4 

' 4 

1 

I 

No heart disease (melanosar- 

1 

1 , 



1 


coma) 

' 1 


0 

i 0 , 

1 

— 

Total 

I 100 

1 

, ' 

19 

: " 1 

7 i 

10 


autopsy The grouping was done by making a 
rough estimate of the size of the heart in two planes, 
and comparing it with the cardiothoracic index 
This rough estunate is thought to be more 
valuable than the cardiothoracic index alone 
Hearts weighing up to 350 grams are regarded as 
normal, those up to 500 grams as slightly enlarged, 
from 500 to 599 grams as moderately enlarged, and 
those weighing more than 600 grams as greatly 
enlarged 

It IS evident from Table II that conditions involv- 
ing increased work for the left ventricle greatly 
predominate in our material Altogether, such 
conditions were present in 67 cases In the com- 
bined group, hypertension with cardiac infarction, 
left bundle branch block was certainly present 
before the occurrence of infarction in 3 cases and 
in only 4 of the 9 cases m this group could the 
bundle branch block be attributed to the infarction 
Including the remaining 5 cases from this group, 
there were 72 cases in all in which an affection of the 
left heart was regarded as the dominant pathogenic 
factor in the causation of bundle branch block In 
addition, there were several cases of slight hyper- 
te^ion in the arteriosclerotic group and the group 
of uncertain Eetiology 

The possibility of local damage to the branch 
exi«s in the three cases with infarction, m the six 
With arteriosclerotic heart disease without certain 
in arction, m four of the nine with hypertension and 
in arction, and possibly in the case with metastatic 


melanosarcoma, even though myocardial metastases 
were not found at autopsy, that is to say in 14 cases 
altogether 

Having thus established a high incidence of left 
ventricular heart disease m our cases, namely over 
70 per cent, we may now consider how often the 
left heart was sufficiently enlarged to account for 
the left bundle branch block Reference to Table 
II shows that out of 90 cases in which X-ray or 
autopsy data were available, there were 45 with 
gross and 19 with moderately severe cardiac enlarge- 
ment, or altogether 64 cases (71 per cent) with 
enlargement of a degree that we may suppose 
sufficient to explain the bundle branch block 

Both radiographic and post-mortem examination 
revealed enlargement which affected the left heart 
predominantly, and in only 4 or 5 cases was any 
considerable degree of co-existent right-sided en- 
largement found It may be noted that a heart iriay 
enlarge, as proved by serial radiographs, and yet 
remain within the upper normal limit of size Here 
the electrocardiogram may often give better infor- 
mation m the form of the characteristic picture of 
left ventricular hypertrophy 

Fig 7 shows how 71 radiographically examined 
hearts are distributed in relation to the cardiothoracic 
index While 7 cases (-f5) show normal values, 
43 of the 71, or 60 per cent have a lower index than 
1 80 The average cardiothoracic index is 1 74 
If we compare this graph for the size of the heart 
in cases of left bundle branch block with that drawn 
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Cardio-thoracic index 

Fig 7— Distnfaution curve of cardiothoracic indices m 71 patients with left bundle branch block 


by Ottar MUUer (1942) for the left ventricular 
hypertrophy curves (see Fig 8), we see that there is 
some displacement to the ri^t, i e towards the 
larger hearts, m cases of left bundle branch block, 
otherwise the two graphs are very similar Of the 
left bundle branch block patients 60 per cent had an 
index below 1 80, compared with 48 per cent of 
Mailer’s cases with left ventncular hypertrophy 
curves We may add that many of the largest 
hearts foimd post-mortem m cases of left bundle 
branch block were not radiographically exairuned 
The cardiothoracic index is an msuSiaently accurate 


standard of heart size to permit more elaborate 
statistical analysis 

The weight of the heart m 31 cases examined 
post-mortem is given m Table HI, which shows that 
we are dealing with extremely large hearts, 17 of 
them weighing more than 600 grams and the average 
being 652 grams The largest heart, weighing 
1780 grams, was from a 25-year-old man with aortic 
insufficiency and stenosis, as well as shght mitral 
disease and great thickemng of the pencardium 
White states in his textbook that the largest heart 
known to have existed weighed 1 755 grams (Smith, 



CardiO'thoracic index 

Pig 8 — Percentage distnbution of cardiothoraac indices in left 
bundle branch block (continuous line) compared with those 
m left ventncular hypertrophy (dotted line) 
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TABLE m 

Heart Whghts in Autopsies from 31 Patients 
WITH Left B B Block 


Heart weight 

Number 
of cases 

Remarks 

350 g and smaller 

1 2 

320 and 350 g 

351-449 g 

* 3 


450-499 g 

5 


500-599 g 

4 


600-799 g 

11 ! 


800-999 g 

4 


1000 g and more 

2 

1 

1030 and 1780 g 

Total 

31 



1855), so that we have m this senes the largest heart 
in the world, but as in most of such huge hearts, 
there was great thickening of the pencardium For 
two of the hearts the weight was reckoned to be 
normal 

In identifymg the electrocardiogram of left 
ventncular hypertrophy, weighmg the heart (and par- 
ticularly the two ventricular muscles separately) has 
played acertamrole (Lewis, 1913-14, Hermann and 
Wilson, 1921) We have given reasons for assuming 
that dilatation is of greater importance than hyper- 
trophy of the muscle, and one of our two cases with 
a heart of normal weight may be cited to illustrate 
this pomt A woman, aged 58, who had a heart 
affection of uncertam tetiology with angma pectoris, 
mcreased basal metabolism and leukaemia, was found 
SIX months before death to have a considerably 
enlarged heart m radiographs, the heart volume 
bemg estimated at 985 ml , yet at autopsy the heart 
was found to weigh only 320 grams 

It IS obvious that many of the hearts from patients 
m these age groups will show artenosclerotic changes 
in the coronary vessels The significance of 
reported post-mortem findmgs, such as “some 
sclerosis, no stncture,” “ highly sclerotic, no dis- 
tinct obstruction,” “ extreme sclerosis,” etc , catmot 
be judged m relation to the orgamc or functional 
disturbances that may be occasioned by a reduced 
blood supply to the heart muscle 


Summary and Conclusions 

In the course of previous investigations relating 
to the electrocardiogram m hypertension and m 
aortic incompetence, we reached the conclusion 
that the left bundle branch block cardiogram 
might be caused by gross enlargement of the left 
ventricle apart from any local lesion of the bundle 
branch 

In the present mvestigation we have sought to 
test this hypothesis further by an analysis of the 
chmcal, radiological, and necropsy findmgs m a 
senes of 100 cases, presentmg permanent left bundle 
branch block m the cardiogram It was found that 
diseases affectmg the left ventncle, such as hyper- 
tension and aortic valvular disease, predommated 
m this material, occumng m 72 per cent of cases, 
and that a considerable degree of left ventricular 
enlargement occurred with about the same frequency 
In 14 cases there were reasons for presuimng the 
existence of local damage to the left branch of the 
bundle, of which the most important cause was 
probably cardiac infarction mvolvmg the ventncular 
septum 

Our mvesUgation suggests that the left bundle 
branch block electrocardiogram is five times more 
often due to enlargement of the left heart than to a 
local lesion of the left branch of the bundle In this 
connection dilatation is deemed to be more important 
than hypertrophy 

We have reason to beheve that the left ventricular 
hypertrophy curve and the left bundle branch block 
curve represent different degrees of retarded con- 
duction to the left heart, and that, therefore, no 
sharp distmction between them is necessary Both 
imply, m most but not m all cases, a con- 
siderable degree of left ventncular enlargement, 
and both are found m association with diseases that 
affect the left heart The tenmnology at present 
apphed to these electrocardiograms is madequate 
and the comprehensive term electrocardiogram of 
left-sided retardation might with advantage be 
employed to designate all patterns of electro- 
cardiogram that mdicate retarded conduction to the 
left heart, of which the bundle branch block type 
represents the most extreme grade 
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The reader of Bramwell’s excellent study of 
coarctation of the aorta (1947) will have obtained a 
somewhat incomplete and faulty impression of the 
place of nb erosion in the diagnosis and m the 
medical history of that anomaly, for he is referred to 
“ Roesler’s classical paper” of 1928, and ‘‘similar 
observations ” of Railsbach and Dock published 
‘‘ the following year ” In an earlier paper des- 
cnbing the study of the distribution of notching of 
the ribs, Bramwell and Jones (1941) had not dealt 
with the histoncal side 

Erosion of the nbs due to coarctation was first 
emphasized by English chnicians — Craigie (1841) 
and Walshe (1873) — as a regularly observed ana- 
tomical lesion It was completely overlooked by 
early radiologists, and in Roesler’s long paper on 
coarctation (1928) the presence of erosions in one 
case was noted in passing As Roesler did not refer 
to the reports of Meckel (1827) and Jordan' (1 830), 
or to the English literature, he failed to draw 
attention to rib erosion as an important point m 
diagnosis Rib erosion is not referred to in the 
title of the paper, which did not attract the attention 
of radiologists This paper was in the December 
1928 issue of Wiener Archiv fur Jnnere Medizin, 
which, like many Austrian publications, came out 
weeks after its date of issue 

The paper of Railsbach and Dock (1929) entitled 
Erosion of the Ribs in Stenosis of the Isthmus 
(Coarctation) of the Aorta appeared in Radiology, 
January 1929, and was in the hands of subscnbers 
during that month Smce most of these readers had 
in their files cases showing this lesion, but undiag- 
nosed, and cases of known coarctation in which 
the erosions had been missed, it is safe to say more 
erosions were first correlated with the astiological 
factor in the first three months of 1929 than m any 


similar period in history Awakening of interest 
m coarctation among radiologists dates from that 
article As the authors were familiar with the nine- 
teenth century literature, they emphasized that these 
erosions were pathognomomc, and they minimized 
the diagnostic value of study of the cardiac and 
aortic silhouettes With this, all subsequent authors 
have agreed Roesler’s paper is a classic on the 
cardiac silhouette in coarctation, but later authors 
failed to corroborate his views on its diagnostic 
value Railsbach and Dock’s paper, which 
appeared simultaneously, stressed erosion of the 
ribs, summarized older anatomical knowledge, 
reproduced Meckel’s original picture of rib erosion 
(1827) and has been confirmed by all subsequent 
students In routine chest films more cases of 
coarctation are detected by nb notchmg than by all 
other methods of physical examination put together 
No cases are diagnosed by the cardiac silhouette 
in such routine films Many cases, overlooked by 
physicians who recorded elevated blood pressure, 
have been picked up from nb erosions seen in 35 mm 
films of employees or college students, or in the 
routine films of the American draftees and enlisted 
personnel 

For the English reader it may be of mterest that a 
fact known to the great English cardiologists was 
confirmed and its practical value in the Roentgen 
era brought to the attention of radiologists by a 
California physician Just as Cesalpino s fellow- 
countrymen Ignored his discovery and description 
of the circulation of blood, Craigie’s and Walshe’s 
fellow-countrymen were unaware of the classic 
descriptions of nb erosion as a result of coarctation 
of the aorta, and those who spoke the same language 
as Meckel were not aware of Meckel’s paper on this 
subject Pnoi ity of discovery belongs to Meckel 
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EDITORIAL NOTE ' 


An interesting point in connection with Meckel’s 
original illustration of the collateral vessels m 
coartation of the aorta is that the erosions are shown 
on the upper borders of the nbs, though as we now 
know they actually occur only on the lower borders 
Meckel’s figure shows erosions on the upper borders 
of the third and fourth nbs on the nght side, none 
being shown on the left side It seems probable 
that the artist was responsible for this remarkable 
error 

Dr Dock refers to Cnghton Bramwell’s paper on 
coarctation, and it is mteresUng to find that the only 
contemporary reference to Walshe’s statement that 
the dilated collateral ve^ls might wear away the 
nbs IS m Byrom Bram^Ws Diseases af the Heart 
published m 1884 

Maude Abbott (1928), m her monograph on 
coarctation of the aorta m the American Heart 
Journal, April 1928, published a radiograph in 
which erosion of the nbs is well seen, and a few 
pages later reproduced Meckel’s bngmal anatomical 
figure together with a legend m which the nb 


erosions are specified, yet the radiographic notches 
escaped her notice 

At the meetmg of the Cardiac Club m 1930, I 
presented “ a case of coarctation of the aorta showing 
Roesler’s sign This was a patient under the care 
of Dr G E Beaumont at the Middlesex Hospital 
m .whose radiograph notchmg of the nbs was 
noticed by Dr Maunce Wembren m May 1929 
In seeking an explanation, he came across the paper 
of Railsbach and Dock, to which he drew my 
attention Before presentmg the case, I discovered 
Dr Roesler’s reference to nb erosion and discussed 
It with him in Vienna, which explains my use of the 
eponym at the time 

The ment of drawing atteatioo to the diagnostic 
significance of nb erosion certainly belongs to 
Railsbach and Dock, who first portrayed it and 
correlated it with previously recorded anatonucal 
observations which had been generally overlooked 
Dr Dock emphasizes the importance of Meckel’s 
ongmal descnption, even though Meckel portrayed 
the nb notches mcorrectly 

D Evan Bedford 
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In Maude Abbott’s senes of 200 autopsied cases 
of coarctation of the aorta published in 1928, 
there were only 21 cases m which the diagnosis 
had been made dunng life Since Lewis’ paper 
(1933), and especially smce the radiological features 
of coarctation were described by Roesler (1928) 
and by Railsback and Dock (1929), the clinical 
diagnosis has been made far more frequently 

The purpose of this paper is to present a bnef 
analysis of 20 cases of coarctation of the aorta 
who served m the recent war, that have been col- 
lected in going through the records of the Ministry 
of Pensions service documents These cases have 
not been exammed personally, but their records 
contain full details of pre-war occupation, examina- 
tion pnor to enhstment, duration and nature of 
service, climcal and radiological signs of coarcta- 
tion found, and sometimes the after history To 
these 20 cases have been added 3 who served m 
the 1914-18 war where the diagnosis of coarctation 
was made m later years One of these has been 
described by Lewis (Case 2) but it has been included 
here because the service documents provide addi- 
tional information of mterest 

Service History 

Age Table I shows the age when coarctation 
of the aorta was first diagnosed m the recent war 
cases The youngest was 19 and the oldest 37 
five were over 30 years of age All were males 

Body Build Table I also shows the height and 
weight on entry mto Service, at a younger age than 
that recorded m column 2, when the coarctation 
was diagnosed The striking feature was the good 
physical development and nourishment m the 
majonty In about half of the senes the recorded 
weight on entry mto the services was over 140 lb 
Remarks such as “ sturdy build,” “ heavily built,” 
“ powerful physique ” were recorded m many cases, 
and aU but 3 were graded fit for general service, 
or Grade I on entry In the three exceptions, the 


lowered category was due to the condition of the 
feet m one (Case 1 1), to the eyes m another (Case 18), 
and only once to the heart, m Case 6, diagnosed 
as mitral regurgitation on grounds of a systolic 
murmur heard in the mitral and aortic areas, the 
body weight m this case was 167 lb 

It IS mterestmg to note at this stage that in four 
other cases (10, 11, 12, and 19) a systohe muimur 
was noted at examination on entry, which was not 
regarded of such significance as to justify lowering 
the category Case 12 was graded I after a cardio- 
logist’s report diagnosing a slight congenital defect 
In five out of the twenty cases, therefore, a cardiac 
murmur was known to be present prior to the 
diagnosis of coarctation 

Pre-Service Occupation It will be seen (Table I) 
that m only two of the senes was the occupation 
sedentaiy Of the non-sedentaiy occupations about 
half may be considered as mvolving heavy work 
Case 5 was an athlete who played rugby football 
and was a quarter mile runner Case 7 played all 
games well at school and played football when he 
jomed the Navy Case 19 was a county hockey 
player 

Pre-Service history of Rheumatism On exanima- 
tion pnor to entry into Service all are questioned, 
and the answer recorded, as to whether he or she 
has sufiered from rheumatic fever or rheumatism 
in the past In the series of 20 recent war cases 
there was a history of rheumatic fever, rheumatism 
or chorea m 4 Case 2 recorded chorea at the age 
of 12, with 4 months absence from school, Case 4 
muscular rheumatism in adolescence, Case 5 
rheumatic fever when aged 7 and a recurrence at 
age 10, and Case 18 rheumatic fever when aged 18 
This series, however, is too small to come to any 
conclusion as to whether cases of coarctation of the 
aorta are more vulnerable than normal to rheu- 
matic infection In Abbott’s senes of 70 cases, 
only 8 had a history of rheumatism 

Service prior to Cardiac Breakdown The majority 
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table I 

Twenty Cases Servino in Recent War 


Case 

Age when 
first 

diagnosed 

Height 

Weight 

Pre-Service 

occupation 

Examination on enlistment 



ft 

m 

lb 



1 

24 

5 

10 

150 

Grocer's assistant 

Fit for service m any part of the world 

2 

24 

5 

4+ 

116 

Fish fryer 

Physical development good. Grade I 

3 

23 


No record 

Labourer 

Well developed A 1 

4 

24 

5 

9i 

164 

Grocer 

Sturdy bmld Grade I 

5 

21 

5 

10 

145 

Motor-dnver’s mate 

Athletic A 1 

6 

20 

5 

8 

167 

Builder’s labourer 

Systohc murmur Mitral regurgitation 





1 


Grade HI 

7 ' 

20 


No record 

General labourer 

Large man Grade I 

8 

33 

5 

8 

152 

Labourer 

Grade I 

9 

32 

5 

6 

139 

Lorry dnver 

Grade I 

10 

25 

5 

lOi 



Cleric 

Heavily built Systohc murmur Grade I 

11 

35 

5 

7 

130 

Bill-poster 

Systolic murmur at apex Grade Ha (feet) 

12 

19 

5 

11 

136 

Transport mechamc 

Well developed, soft systolic murmur 







Slight congemtal defect Grade I 

13 

27 

5 

4 

120 

Labourer 

Grade I 

14 

20 

5 

7 

146 

Electncian 

Powerful physique Grade I 

15 

37 

5 

5+ 

123 

Labourer 

Grade I 

16 

20 


No record 

Model-maker 

A.1 

17 

24 

5 

5i 

126 

Apprentice moulder 

Fit for general service 

18 

35 

5 

71 

1521 

Dock labourer 

Grade Ha (vision) 

19 

20 

5 

9i 

147 

Surveyor 

Shght mitral murmur Compensation good 







Grade 1 

20 

29 

5 

9 

147 

Draper’s assistant 

Physical development good Grade I 


served for several years as Grade I men, doing 
intensive training, andh subjected to all the stress 
and stram of war, mcludmg overseas service Two 
(Cases 11 and 15) were only discovered on routine 
examination for service overseas after two years’ m 
the forces This clearly demonstrates that men with 
coarctation may have the capacity to withstand 
severe physical stram for prolonged penods without 
any symptoms or signs of heart failure appearing 

Clinical Findings 

Table II gives an analysis of the clmical findmgs 
in 22 cases mcludmg 3 of the 1914-18 war 
(Cases 21, 22, and 23) Case 20, only diagnosed at 
autopsy, IS not mcluded 

Arterial Blood Pressure A raised blood pressure 
in the upper lunbs is one of the most constant signs 
in coarctation of the aorta From Table n it will 
he seen that this was raised m every case m this senes 
The lowest pressure recorded was 144/90 mm 
(Case 19), but this man was only 20 years of age 
when the coarctation was diagnosed He was aware 
that he had a “ leakmg heart ” as a lesion had been 
discovered on routine exammation at school, when 
nged 15 As there were no symptoms, no restnc- 
tion on activity was imposed, he played strenuous 
games and was a county hockey player When 


exammed a shght mitral murmur was detected but 
compensation was stated to be good and he was 
passed fit for general duties After two years’ 
service, coarctation of the aorta was diagnosed but 
m the absence of symptoms he was retamed m 
Category C He remamed well for another three 
years until subacute bactenal endocarditis super- 
vened and rapidly proved fatal 

Where the blood pressure is recorded separately 
m each arm it wiU be noted that there is sometimes 
a difference between the two readmgs Usually it 
is lower m the left arm owmg to the diminished 
circulation that results from the coarctation en- 
croachmg upon the orifice of the left subclavian 
artery In four cases, where the blood pressure m 
both arms was recorded, it was lower m the left 
arm than in the nght, and once (Case 6) it was lower 
m the nght 

Blood Pressure in the Legs In every case there 
was a marked lowermg of the artenal pressure in 
the lower limbs compared with the upper, and m 
many there was absence of the femoral pulse This 
emphasizes the importance of always palpating the 
femoral pulse m hypertension, espeaally m young 
people As the result of defiaent cuculation to the 
lower hmbs symptoms of mtennittent claudication 
may occur, as happened m Case 7 four years after 
coarctation had l^n diagnosed 
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TABLE n 

Analysis of Clinical Findinos in 22 Cases 


1 

Case 

Blood pressure 

Murmurs 

Pulsation 

Collateral 

Cardiac 

Brachial 

Femoral 

root of neck 

circulation 

enlargement 

1 

RA 185/110 

102/? 

t Loud, blowing systohc axilla and 

+ 

— 

4- 


LA 150/90 


back 





200/140 

— 

Soft systohc and blowing diastohc. 

-f 

+ 

— 

4 


loud systohc medial to scapula 




3 

156/92 

104/80 

Harsh loud systohc all areas and 

+ 1 

+ 

Shght 


back 




4 

225/120 

— 

Systohc — also over mtemal mam- 

■f 

+ 

+ 



mary and supra scapula artenes 



Shght 

5 

RA 250/160 
LA 210/120 

1 

Loud systohc praecordium and back 

+ 


+ 

6 

RA 195/110 
LA 225/115 

— 

Systohc apex and aortic area 



+ 

7 

RA 204/120 
LA 188/110 

— 

Systohc praecordium 

+ 

+ 

+ 

8 

210/100 

1 

Soft systohc apex diastohc base 

— 

— 

9 

225/115 

175/120 1 

Systohc all areas 

+ 

+ 



190/m 

— 

Loud apical systohc 

+ 

-f- 

+ 

11 i 

200/110 

140/120 

Loud systohc praecordium 

+ 

-F 

+ 

12 

200/110 

110/7 

Soft systohc over pracordium and 


— 



R and L 

paravertebral region near scapula 

1 

1 



13 

200/105 1 

— 

Loud systohc over praxordium 

— j 

— 


14 

210/110 

— 

Rough basal systohc 

— 

— 

““ 

15 ! 

230/120 

130/7 

Rough basal systolic maximal pul- 

+ 

+ 



R and L 


monary area 




16 

168/100 

7 

Blowmg systohc over pulmonaiy 

— 


I ** 


R and L 


auea 


+ 

1 

+ 

17 

RA 195/105 

80/2 

Harsh aortic systohc and blowmg 

+ 


LA 185/95 

diastohc 



+ 

18 

180/110 

— 

Loud systohc alt areas best heard 

— 

1 



over 3rd left space 


+ 

+ 

19 

144/90 



Loud systohc all areas Loud 

+ 


diastohc 2nd and 3rd nght space 

-f 

+ 

+ 

21 

190/110 

130/7 

Systolic apex and 2nd nght space 

22 

178/102 

— 

Loud blowmg systohc at apex con- 

■f 

+ 



ducted widely 

! + 

+ 

+ 

23 

276/120 

156/120 

Systohc over all areas mcluding 



back 





Murmurs The characteristic murmurs of co- 
arctation of the aorta are systohc m tune, some- 
times loud and harsh in mtensity, and heard all over 
the prsecordium, often at the back m the region of 
the scapula, and over the dilated artenes forming the 
collateral cumulation Systolic murmurs were re- 
corded m every case in this senes In 7 the murmur 
was heard postenorly Reifenstem et al (1947) 
in reviewing 104 autopsied cases state that systohc 
murmurs were heard m all 60 m which mention 
was made of physical examination of the heart, 
and m 23 of them the murmur was heard postenorly 
A systohc murmur is, therefore, to be regarded as 
one of the most constant findmgs m coarctation , 
In four (Cases 2, 8, 17, and 19) a diastohc murmur 
was also present Reifenstem et al state that a 
diastohc murmur is not found m uncomphcated 
coarctation of the aorta, but only when there is an 


sociated aortic valvular deformity, mcluding 
ictenal endocarditis or patenig^ of the ductus 
tenons In Case 2 of my senes, the diastohc 
urmur was most likely due to acquired rheumatic 
irtic mcompetence, dating from an attack of chor^ 
hen he was 12, which necessitated four months 
isence from school In Case 8 the diastohc 
urmur was also hkely due to an assoaated aortic 
gurgitation, for there was a histoiy of rheumatism, 
id though the Wassennann reaction dunng 
:rvice was strongly positive, it was not considered 
have any connection with the cardiac lesion 
Case 17 radiological exammation showed 
Jcification of the aortic arch and probably ^an 
leurysmal dilatation, which would explain the 
astohc murmur Case 19 is the one alrrady 
scnbed which developed bactenal endocarditis, 
id an aortic valvular defect was probable Con- 
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gemtal bicuspid aortic valve is a common associated 
lesion m coarctation of the aorta, occurring in 
24 per cent of Abbott’s senes (1928) 

Pulsation at the root of the Neck Bramwell has 
pomted out that excessive artenal pulsation at the 
root of the neck should be mcluded as one of the 
classical signs of coarctation of the aorta In my 
senes this sign was noted in 15 and not noted m 7 of 
the 22 cases Once (Case 21) the association of 
marked visible pulsation m the suprasternal notch 
with a murmur m the aortic area, transnutted to 
the neck, led to an imtial diagnosis of aortic 
aneurysm 

Collateral Circulation Dilated collateral vessels 
were not observed m 9 of the 22 cases m this senes, 
and therefore are not to be regarded as a sign that 
IS essential for diagnosis of coarctation Campbell 
and Suzman (1947) have recently descnbed a special 
method of demonstratmg the collateral vessels when 
they are not normally evident 
Radiological Diagnosis Although coarctation of 
the aorta may be diagnosed on chmcal signs alone, 
many more cases have been diagnosed dunng life 
smce erosion or notching of the lower borders of 
the nbs was descnbed by Roesler (1928) and by 
Railsback and Dock (1929) Notching of the nbs 
depends on the development of the collateral 
cmculahon mside the thorax, and is not present m 
every case If there is a patent ductus artenosus, 
nb notchmg is usually absent (Bramwell, 1947) 

In the 22 cases of my senes, nb erosion was 
recorded m 16, and was probably present m a 
further case (Case 6) m w^ch coarctation of the 
aorta was diagnosed radiologically, though details 
were not given In Case 1, although no nb erosion 
was detected, there was some erosion seen at either 
end of the left clavicle This leaves only 4 out of 
22 cases in which no erosion occurred (Cases 4, 9, 
10, 21), and in these collateral vessels were present 
In Bramwell’s senes of 26 cases nb notching was 
absent in 4 cases On the other hand, 6 cases 
showed notchmg of the nbs without chmcal evidence 
of a collateral cmculation (Cases 8, 12, 13, 14, 16, 
and 18) It must be concluded, therefore, that nb 
notchmg is a valuable diagnostic sign of coarctation 
of the aorta 

Absence or smallness of the aortic knuckle also 
appears to be a valuable sign of coarctation of the 
aorta, for m only two cases (Cases 10 and 14) 
was the aortic knuckle not reduced m size In 
Perlman’s senes of 13 cases, the aortic knuckle was 
absent m every case, and all of them showed some 
nb erosion 

Radiological enlargement of the heart, usually 
the left ventncle, was nofed m 16 of 21 cases of this 
senes (In Case 6, details of radiological findmgs 


were not recorded ) Enlargement of the heart did 
not appear to have any relation to the blood pressure 
In 4 of the 5 cases with no enlargement the systolic 
blood pressure m the arms was 200 mm or over 
(Cases 2, 13, 14, and 15) Unhke essential hyper- 
tension, the high blood pressure m coarctation of 
the aorta does not necessarily causer cardiac 
enlargement, as Lewis has emphasized 
In five (Cases 1, 4, 5, 6, and 16), the diagnosis 
was made by the radiologist Case 1 was at first 
diagnosed as mitral stenosis In Case 4 no cardiac 
disabihty was suspected pnor to a routme X-ray 
exammation of the chest whilst convalescmg from 
diphthena Case 5 was X-rayed followmg a col- 
lapse whilst playmg rugby football Case 6 was 
at first thought to be one 'of polycythsemia vera with 
hypertension In Case 16' the chest was X-rayed 
on account of bronchitis and asthma 
In Case 10 there was no radiological evidence 
of coarctation of the aorta This man ^vas a clerk 
before he jomed the Royal Air Force in July 1940 
At his medical exammation pnor to enlistment a 
systohc murmur was noted but was not regarded 
as of any significance and he was graded I There 
was no history of rheumatic fever or chorea but he 
was unable to play games duimg his last four terms 
at school owmg to shortness of breath In March, 
1941, he was exarmned for fitness for a commission 
as a pilot and was rejected A systohc murmur was 
noted at the apex and his blood pressure was 
188/92 mm The diagnosis of hyperpiesia with 
cardiac brmt was made He was re-exammed in 
October, 1941, owing to complamts of dyspnoea 
and attacks of pam over the heart, and his blood 
pressure was then 200/100 mm , he was still Grade I 
He was referred to a speciahst who diagnosed mitral 
disease with hypertension He contmued to serve 
until October, 1944, when he collapsed and was 
found unconscious at a railway station whilst bemg 
posted He was transferred to Middlesex Hospital 
where, after complete mvestigations, coarctation of 
the aorta was diagnosed, although there was no 
radiological evidence of it No erosion of the 
nbs was present and the aortic knuckle was pro- 
imnent and high Tomograph of the aorta revealed 
no narrowing The banum swallow showed no 
enlargement of the left auncle but the left ventncle 
was slightly enlarged However, all the character- 
istic clinical signs of coarctation were present, 
namely mcreased blood pressure in the upper limbs 
(1 90/100 mm ), absence of femoral pulsation, marked 
artenal pulsation m the neck and below the outer 
thud of the clavicle, a loud ^tolic murmiu at the 
apex of the heart and a collateral circulation m 
the axilla and scapular regions 
Electrocardiographic exarrunations were recorded 
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m several cases but were not of diagnostic help 
In Case 19 a conduction defect was shown 
Prognosis BramweU concluded that patients 
with coarctation of the aorta whose symptoms date 
from childhood are unhkely to reach the age of 30, 
whereas m those who are fitee from symptoms until 
30, the outlook is much more favourable 
All of the recent war cases under discussion have 
reached adult hfe, the youngest case was aged 19 
and the oldest aged 37, fifteen were under 30 years 
of age As already stated, the majonty were of 
good physical development and fit enough to be 
graded I It would appear, therefore, that if symp- 
toms do not become manifest m childhood there is 
no retardation of physical development or diminished 
fitness, and that such subjects are able to perform 


heavy physical work for a prolonged period without 
any symptoms or signs of cardiac failure, though 
eventually prolonged stress may cause cardiac 
symptoms 

Table IH shows the histoiy of the 20 recent war 
cases after discharge Three deaths are recorded 
Case 20 died suddenly, at the age of 29, from rupture 
of the aorta whilst on leave after five years’ army 
service as a Grade I man Neither pnor to, nor 
during his five years’ service, had there been any 
symptoms or signs of heart trouble He was 
exammed on entry, and had twice been passed fit 
for overseas service without the detection of any 
cardiac disabihty The autopsy findings were as 
follows — 

“ Very well-developed, well-nounshed man 


TABLE ni 

History of Recent War Cases after Discharge 


Case 

Date of 
diagnosis 

1 

5 1 40 

2 

November, 

1945 

3 

11 8 43 

4 

3 8 43 

5 

December, 

1940 

6 

17 2 41 

7 

15 2 42 

8 

266 44 

9 

22 3 45 

10 

3 10 44 

11 

14 2 44 

12 

6 4 45 

13 

November, 

1945 

14 

23 6 41 

15 

11 544 

16 

22 12 44 

17 

27 8 45 

18 

30 5 45 

19 

14 8 41 

20 

27 8 45 


Date of 
discharge 


16 4 40 
24 3 46 
23 3 44 


II 12 43 
10141 

2 4 41 
31 3 42 

II 640 


410 45 
21 4 45 
13 6 45 

19 8 45 

19 11 45 


28 3 44 


16 3 45 
9 1 46 
13 3 41 


11 444 



Worked as N A A FI manager Developed pulmonary tuberculosis 21 1045 
October, 1947, well and working 

Working as a fitter, only symptom slight shortness of breath on exertion 

Clencal work Complamed of famting attacks Admitted to Royal Infirmary, 

Edinburgh, 18 1246 for operation Died from cardiac failure at close of 
operation 

Resumed pre-service occupation has occasional days off 
17 9 46 Worked as light vehicle driver and later as fitter Short of breath, 
headache, occasional dizzmess 
No further history no claim for pension 

15 10 46 Working general handyman in building trade Shortness of breath 
on exertion mtermittent claudication 

Invalided from service, diagnosis myocardial degeneration Coarctation 
diagnosed by medical board 26 6 44 On 13 12 46 workmg m grocery 
busmess B P 200/120 No congestive failure 
No further history 
Working in radio trade 

4 2 47 Complains of headaches, easily tired, short of breath on exertion 
Works at pre-war occupation — billposter 

21 1 47 Shortness of breath, occasional pam m the chest, dizzmess Worked/ 
for three months after discharge then gave it up 

5 12 46 Pam across upper part of chest at night lasting half hour Worn as 
refuse collector for council no loss of time B P 190/120 No evidence 
of enlargement of left ventncle 

24 1 47 Shortness of breath on exertion, feels tired General condition 
good BP 225/110 rr ^ , 

July, 1947 Pams over praxordium Works as lorry dnvcr Heart not 
enlarged Visible pulsation m neck * x, m/ic 

7 10 46 Short df breath on exertion Jomer, March, 1945 to May, 194o, 
then fighter work as telephone wireman General condition goM 
1 1 3 47 Shortness of breath and dizzy attacks Clerk, loses one day a week 

BP 235/115 Heart enlarged, marked visible pulsation in neck 

Invalided as rheumatic endocarditis Coarctation diagnosed by memcal board, 
30 5 45 Workmg as cmema doorman Electrocardiogram shows myo- 

7 5 44 Developed symptoms and signs of subacute bactenal endocarditis 

from which he died , , ^ 

Died suddenly whilst on leave Autopsy showed coarctation with rupture 

the aorta 
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Pencardial sac distended with blood clot, ragged 
aperture at the back of thfc aorta - Heart very 
large, 700 g Left ventncle much hyper- 
troplued, muscle firm Moderate degree of 
coarctation of the aorta and patchy atheroma 
above the aortic valves A ragged triangular 
tear m the mtima just above the nght coronary 
artery This opens into a dissecting aneurysm 
which has stnpped off the mtima over the greater 
part of the ascending aorta and arch Con- 
siderable amount of blood m the coats of the 
vessel, and rupture has occurred into the pen- 
cardium through the back of the ascendmg aorta 
There is nothmg in any way suggestive of specific 
disease Extensive atheroma of the vessels at 
the base of the bram 

“ Conclusions Coarctation of the aorta with 
hypertrophy of the left ventncle and a dissecting 
aneurysm of the first part of the aorta which has 
ruptured into the pencardium ” 

According to Blackford (1928) sudden death from 
rupture of the aorta dunng or following severe 
exertion is not uncommon m coarctation of the 
aorta Case 3 died on the operatmg table from 
cardiac fadure dunng operation for the coarctation 
At the operation coarctation was found immediately 
distal to the left subclavian artery, and the mter- 
costal vessels were much ddated TTie other patient 
who died. Case 19, developed subacute bacterial 
endocarditis, after having served for 6 years He 
was diagnosed as coarctation m August, 1941, but 
as he had no symptoms he was retained m service 
in a low category Three years later subacute 
mfective endocarditis supervened 
All the other recent war cases, as far as is known, 
are still hvmg Case 1 developed pulmonary 
tuberculosis with positive sputum m October, 1945, 
five and a half years after discharge — but when 
examined for review of pension m October, 1947, 
was working and feelmg well Case 7, when 
exammed in October, 1946, had developed typical 
symptoms of mtermittent claudication, but was 
working as a general handyman m the buildmg 
rade Most of the remaimng cases are able to 
^ny on light work, although complammg of symp- 
oms such as shortness of breath on exertion, pains 
m the chest, and giddiness 

TTie 1914-18 war cases which have now been 
o owed for a long period of years will be descnbed 
more fully 

(Cose 2 m Lewis’ senes) was exammed for 
Royal Field Artillery m January, 1915 
in a was descnbed as a carman and washer 

^ as 35, though later docu- 
s ow that his actual age on enlistment was 38 


years Physical development is recorded as good and 
he was passed fit for general service He served for 
three and a half years mcludmg three months m France 
and two and a half years m Salomca. In 1916 and 1917 
he was adrmtted to hospital on several occasions for 
malana, but there is no record of any other complamts 
On Nov 26, 1917,^whilst convalescmg at Corfu from 
an attack of malana, he was admitted to the Bntish 
Mditaiy Hospital complammg of shortness of breath 
on exertion and Slight pam m the region of the heart 
The bood pressure on admission was 240 mm Examina- 
tion of the heart showed a systohc murmur at the apex 
transmitted to the axilla and a systolic murmur in the 
aortic area transmitted mto the neck The pulse was 
collapsmg “ D A H ” was diagnosed On mvahdmg 
home he was transferred to hospital and m February, 
1918, examination showed a soft systolic musical mur- 
mur over the tncuspid area, and a second systohc 
murmur m the aortic area There was also a “ soft 
murmur above the notch, also audible over both sides 
of the back from apices to level of fourth dorsal vertebra, 
4 m beyond middle Ime on left side and 3 m on nght 
side ” Visible pulsation m the suprasternal notch 
was noted and a distinct diastohc shock over left upper 
front On X-ray examination no pulsation was seen 
but shadow of the large vessels seemed enlarged The 
Wassermann reaction was positive on Feb 20, 1918, 
but negative on April 10, 1918 On June 21, 1918, he 
was mvahded from the Service with the diagnosis of 
aortic aneurysm 

It is clear from the above cimical notes that many of 
the charactenstic signs of coarctation of the aorta were 
present at this barly date, 1917-18, as shown by the high 
blood pressure of 240 mm , the systolic murmur over the 
praecordium, also heard at the back, and visible pulsation 
m the neck above the sternum 

When exammed by a Medical Board mcludmg a 
cardiologist in November, 1919, it was stated there 
were no signs of aneurysm The blood pressure re- 
corded was 250 mm The man was next medically 
boarded m 1922'- when the blood pressure was still 
250 mm , and the heart was recorded as enlarged The 
unne showed albumm and casts and the diagnosis was 
changed to nephritis with enlarged heart In November, 
1925, he was admitted to hospital under Sir Thomas 
Lewis who diagnosed coarctation of the aorta on the 
grounds of a collateral circulation and weakemng of the 
femoral pulse In September, 1939, he had an operation 
for removal of a renal calculus with no untoward effects 
On March 2, 1940, he collapsed whilst trying to sweep the 
snow from the front of his house He complained of 
severe pam m the left arm and back, and shortness of 
breath Exammation showed marked pulsation above 
and below both clavicles, an irregular heart due to extra- 
systoles and the blood pressure m the arm was 
190/110 mm and m the legs 130 mm systohc 

In November, 1942, he was admitted to hospital with 
pam m the chest and hcemoptysis He had had eight 
attacks of loss of consciousness dunng the preceding two 
weeks, and heart block was found He improved with 
treatment and when seen by a Ministry of Pensions 
Medical Officer m January, 1944, he was keeping fairly 
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well He died, however, m October of the same year, 
at the age of 68 

Case 22 was a greengrocer He enlisted in June, 
1915, at the age of 20, and was found fit He served 
for a year and was then discharged with V D H (mural 
obstruction) The clinical notes recorded a presystolic 
thnll and murmur at the apex, increase of cardiac 
dullness and tumultous action of the heart Examina- 
tion a year later recorded a slight systolic murmur 
not conducted On lying down various murmurs 
were heard He had given up work as a stores-porter, 
as he found it too heavy In 1922 a medical board 
reported symptoms of pain over the left side of the 
chest and back The heart was enlarged climcally, 
the heart sounds irregular with a presystolic murmur at 
the apex The diagnosis was mitral stenosis with 
fibrillation When examined in 1924, complaints were 
giddiness, shortness of breath, and prascordial pain 
The heart was moderately enlarged, rhythm normal 
(quinidine had been given) and there was a short diastolic 
murmur at the apex In 1929 it was recorded that the 
man had done no work for the last year There was 
some cyanosis, the heart was enlarged with systolic and 
diastolic murmurs at the apex, and the rhythm irregular 

In Apnl, 1932, the man was admitted to Roehampton 
Hospital where coarctation of the aorta was diagnosed 
by the radiologist The clinical notes recorded the 
apex beat an inch outside the nipple line, and a loud 
blowing apical systolic murmur conducted widely No 
collateral circulation was detected Marked pulsation 
m the vessels of the neck was present Blood pressure 
m arms 178/102 mm , femoral pulse not felt The 
radiological report was “ Heart considerably enlarged 
in all diameters, aortic arch small Bilateral irregu- 
lanty of lower margins of nbs Appearance of coarcta- 
tion of the aorta ” 

When seen m December, 1940, he was confined to 
bed with influenza He stated he had been keeping 
fairly well since he had been in hospital and had been 
working as a shop-porter Examination showed evidence 
of heart block The pulse was regular rate 42 The 
blood pressure in the arms was 195/100 mm He was 
last seen m September, 1941, when he was confined to 
bed, dyspnoeic and cyanosed Pulse rate 42 Blood 
pressure 1 80/100 mm There was evidence of congestive 
failure, namely, r§les at the lung bases and some oedema 
of the legs This was twenty-five years after the onset 
of symptoms 

Case 23 This man enhsted in October, 1916, at the 
age of 24 and went to France In May, 1918, he was 
admitted to hospital with the diagnosis of pyrexia of 
unknown ongm He complained of pains, shivering 
and vertigo Examination revealed a loud systolic 
murmur over the pnecordium, best heard at the apex 
and conducted to the axilla, and also heard at the back 
at the level of the second to fifth dorsal vertebras There 
was marked pulsations at the root of the neck Radio- 
logical examination showed enlarged root shadows, no 
aneurysm, and a very greatly enlarged heart The man 
was mvalided with the diagnosis of V D H In 1922 
the man was complaming of shortness of breath, pain over 
the heart, and faintness at times A systolic bruit was 


noted at the apex and base of the heart, but no presystohc 
or diastolic murmur In 1925 his symptoms were woise 
The blood pressure, recorded for the first time, was 
200/90 mm A harsh systolic murmur was noted at the 
apex and base 

In 1931 the man was admitted to Roehampton 
Hospital It was stated he had been doing his usual 
work as a labourer He complained of giddiness and 
faintness The apex beat was forcible and outside the 
nipple line A systolic murmur was present over the 
aortic and mitral areas, no diastohc murmur was 
present There was forcible pulsation at the root of the 
neck Blood pressure was 255/1 20 mm , the radiologist’s 
report was as follows — 

“ Enlargement of the left side of the heart, usual 
projection of the aortic arch not shown, irregulanty 
of the lower nb margins on both sides from the thud 
nb downwards Appearance that of coarctation of 
the aorta ” 

In 1935 he was only able to do light work owing to 
pain across the chest and fainting attacks The blood 
pressure in the arm was 230/110 mm The femoral 
pulse could not be felt The Wassermann reaction was 
negative The cardiogram showed left ventncular pre- 
ponderance and slight widemng of the QRS complexes 
In 1937 he was working as a casual labourer There 
was visible pulsation under the left clavicle No 
collateral vessels were detected The brachial blood 
pressure was 260/145 mm The nght femoral pulse 
was just palpable but there was no pulsation in the 
left 

When last seen, in December, 1946, aged 54, he could 
not walk far There was tnple rhythm at the apex but 
no congestive failure 

These records show that patients with coarctation 
of the aorta may live for many years after the first 
appearance of signs and symptoms, and in spite of 
persistent hypertension For example, Case 21 
survived for 27 years after signs of coarctation and 
a blood pressure of 240 mm were first recorded, 
and Case 23 was alive and free from congestive 
failure 21 years after his blood pressure had been 
recorded as 200/90 mm 


Summary 

A review is given of 23 cases of coarctation of 
the aorta, 20 of which served m the recent war, and 
3 m the 1914-18 war 

These men had been fit pnor to enlistment and 
were of good physical development They were 
able to withstand the severe stress of war service 
for long periods before symptoms occurred 

The most constant clinical signs of coarcta- 
tion were a raised blood pressure in the arms 
associated with a diminished femoral pulse, evidence 
of a collateral circulation, a systolic murmur 
audible over the front and back of the chest, and 
abnormal pulsation at the root of the neck The 
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most constant radiological signs were erosion of 
the nbs and absence or smallness of the aortic 
knuckle 

Severe hypertension may persist for many years 
in these cases without causmg heart failure and 


some may hve a normal span of hfe The later the 
symptoms appear the better the prognosis 

I wish to thank Dr Pndeaux, Director General of 
Medical Services of the Ministry of Pensions, for his 
permission to publish this paper 
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Recent studies in clinical electrocardiography have 
indicated the desirability of taking multiple pne- 
cordial leads as a general routine practice In their 
secondary supplementary report (1943) the Com- 
mittee of the Amencan Heart Association for the 
Standardization of Prjecordial Leads stated that 
they believed that three is the least number of prae- 
cordial leads that can be regarded as satisfactory 
for general purposes They suggested that those 
who wished to reduce the number of such leads to 
a mmimum take leads from the C I, C3, and C5 
positions AH were urged to take additional leads 
whenever possible Though a right praecordial 
lead, Cl, IS recommended for general use, sufficient 
data have not yet been obtamed on this lead either 
in regard to the range of normal or concermng its 
various abnormalities Furthermore there is no 
agreement as to what is the best distal electrode for 
general use, a matter of considerable practical 
importance The Wilson central termmal electrode, 
the nght arm, the left leg, and the nght scapula has 
each been preferred by different mvestigators 
In an attempt to gam further information on the 
nght prjecordial lead C 1 and to assess its value for 
general use we (1) have reviewed previous reports m 
which such a lead was employed , (2) have taken 
a senes of electrocardiograms mcludmg this lead on 
patients without heart disease to determme the range 
of normal vanations , and (3) have also noted 
characteristic alterations m CFi m certam cardiac 
conditions particularly postenor wall infarction, m 
which the use of this lead may be helpful 
Kossman and Johnson m 1935 reported on the 
normal variations m multiple pnecordial leads 
Their subjects were 30 medical students They 
used the central termmal distal electrode and the 
right pectoral t position With this lead V 1 they 
found no Q wave, R, 1 0 to 9 6 mm , S, 3 4 to 
24 mm , T from —4 0 to -f 5 6 mm and RS (m- 


tnnsic mflection) 6 6 to 26 8 mm An electro-nega- 
tive T wave was found m 3 out of the 30 cases m V 1 
Wood and Seltzer (1939) exammed the nght pec- 
toral lead using both the nght arm and the left leg 
as sites for distal electrodes In regard to the QRS 
complex they found S dommant m 75 per cent with 
the use of the nght arm and 95 per cent when the 
proximal electrode was paired with the left leg 
When the right arm was used the T wave remamed 
upnght, but when the left leg was used the T wave 
often became mverted Thus m CFi, T was inverted 
in 65 per cent of normal children and 56 per cent of 
normd adults With progressive enlargement of 
the left ventncle they found the incidence of negative 
T waves fell from 58 per cent to ml in grade in 
enlargement In other words if there was significant 
enlargement of the left ventncle T was upnght 
Hearts displaced by a high diaphragm to give left 
axis deviation m the standard leads did not act 
in the same way Of twelve normal pregnant 
women with left axis deviation m the limb leads, 
ten had mverted T waves and two diphasic T waves 
m CFi These authors concluded that m the right 
pectoral lead (CFi) one has a means of distmguish- 
ing left ventncular enlargement from displacement 
of the heart due to a high diaphragm They 
mdicated also that dormnance of the nght ventncle 
may be better ascertained m the nght pectoral 
lead by the use of the left leg, rather than the nght 
arm for the distal electrode In the former an R 
taller than S was more certam of this mterpretation 
In cases of postenor myocardial mfarcUon they 
stated they denved no help from the chest leads for 
the limb leads required no support and the chest 
leads had but httle to give Deeds and Barnes 
(1940), Shanno (1940), and Sigler (1944), have also 
descnted charactenstics of lead CFi These are 
summarized m the Table 
Wilson and his associates in 1944 published 


* Fellow in Cardiology 

t Right prascordial and nght pectoral are used synonymously for the Ci position m this paper 
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TABLE 

Right Pjuecordial Lead CFi 



t j 

Cases ' 

1 

i 

1 

Mmimum 

y 

Maximum 

Mimmum 

♦ 

Maximum 

R absent 

Minimum . 

Maximum 

Minimum 

y 

3 

3 

Maximum 

Percentage 

with 

negative T 

Deeds and Barnes, 1940 

i 100 

-1 7 

-1-05 

02 

98 


60 

35 0 

-6 0 

-f67 


Shanno, 1940 

1 100 

-2 0 

-120 

40 

70 

4-0 

20 

30 0 

1 -60 ' 

•4-7-0 

70 

Sigler, 1944 

100 ! 

-1 8 

-f 0 6 

02 

10 0 

1 

40 

35 0 

-4 5 

+ 55 

51 

Vesell and Shorr f 

1 265 j 

-2 8 1 

-f08 

02 

74 

49 

28 

250 

-4 6 j 

+4 2 

69 

Wood and Seltzer, 1939 

1 “• 


1 

— 

— 

i 



“ i 

— 

58 


• Q was absent m all 

t RS-T was often elevated up to a maximum of 1 8 mm 


multiple pracordial lead electrocardiograms taken 
with the Wilson central terminal electrode in 
patients with myocardial infarction The nght 
pectoral lead V 1 was included, and they observed 
that with this lead in cases of high lateral, 
plam postenor and postero-lateral infarcts R and T 
of V 1 (and V 2) were unusually pronunent This 
was not so m postero-mferior mfarction In an 
article in 1946 he and his associates noted in the 
single case of high postero-lateral myocardial in- 
farction that T waves became taller in leads from 
the right side of the pracordium 
The following is an analysis of the normal varia- 
tions of the praecordial electrocardiogram taken in 
the nght pectoral position CFi The subjects were 
265 adults There were two groups In the first, 
all tracings were taken with the patient in the sitting 
position This group consisted of 200 workmg 
men between the ages of 30 and 68 years, and only 
1 1 were m the seventh decade The majority were 
labourers, all were ambulant No chmcal evidence 
of heart disease was found in an ordinary history 
and physical examination and the routme four lead 
cardiogram (standard limb leads I, II, III, and 
CF 4 ) was normal by usual cntena * In many 
a teleradiogram was taken and svas normal In the 
second group the cardiogram was taken with the 
patient m the recumbent position The subjects 
were 65 men and women They were patients in 
the hospital or office patients in pnvate practice, 
their ages were from 20 to 58 years As in the first 
group the heart ivas considered to be normal after 
an ordinary history, physical examination and four 
lead cardiogram In the majonty a cardiac fluoro- 
^Py xvas done and was normal In some the 
^1 lead was taken m both the recumbent and 
Sitting position 

The cardiograph used was a stnng galvanometer, 

f,/ Committee of the New York Heart Associa- 

tion (1939), New York 


either the Cambridge mobile umt or Cambndge 
simphtrol The electrodes were the conventional 
ones, 3 5 X 6 cm , of german silver A circular 
electrode 3 cm m diameter was often used for the 
prascordial leads and was kept in place by an elastic 
rubber belt The chest electrode was placed in the 
fourth intercostal space at the right margm of the 
sternum, and the distal electrode just above the left 
ankle A suitable electrode paste was employed 
Standardization of the stnng, 1 cm for 1 mv , was 
made and recorded with each lead Measurements 
recorded were usually the average of several deflec- 
tions or segments Frequently a magnifying lens 
was used 

In view of the fact that the normal variations m 
CFi revealed httle or no difference in the two groups, 
they were considered as one group of 265 cases to 
mciude males and females, and sitting and recumbent 
positions P ranged from ~2 8 to -4-0 8 mm , 
88 per cent were negative, 9 per cent diphasic, and 
only 3 per cent positive, the average negative P 
was — I 3 mm , the average positive T was -fO 5 
mm Q, mterpreted to mean an imtial negative 
QRS deflection followed by a positive, R, deflection, 
was not observed in any of the 265 In 13 (5 per 
cent) there was (see Fig 3) an absent R wave (i e 
monophasic negative QRS wave) In several other 
instances where the R wave was very small, about 
0 2 mm , there were occasional complexes in the 
same tracings in which no R was visible also forming 
a monophasic negative QRS (S) complex This 
monophasic negative wave, S, ranged from —4 5 to 
—17 0 mm with an average of —10 8 mm R 
ranged m amphtude from 0 2 to 7 4 mm The 
average was 2 mm Occasionally there was some 
slurring of R, this was usually in small deflecUons 
and was slight S, ranged in amplitude from —2 0 
to —25 0 mm with an average of — 1 3 2 mm There 
was infrequent slumng and this was usually with 
waves of low voltage and was only shght R^, was 
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Recent studies m clinical electrocardiography have 
indicated the desirabihty of taking multiple prae- 
cordial leads as a general routine practice In their 
secondary supplementary report (1943) the Com- 
mittee of the American Heart Assoaation for the 
Standardization of Prascordial Leads stated that 
they beheved that three is the least number of prx- 
cordial leads that can be regarded as satisfactory 
for general purposes They suggested that those 
who wished to reduce the number of such leads to 
a mmimum take leads from the Cl, C 3, and C5 
positions All were urged to take additional leads 
whenever possible Though a nght prascordial 
lead, Cl, IS recommended for general use, sufficient 
data have not yet been obtamed on this lead either 
m regard to the range of normal or concermng its 
various abnormalities Furthermore there is no 
agreement as to what is the best distal electrode for 
general use, a matter of considerable practical 
importance The Wilson central termmal electrode, 
the nght arm, the left leg, and the nght scapula has 
each been preferred by different investigators 
In an attempt to gain further mformation on the 
right prascordial lead C 1 and to assess its value for 
general use we (1) have reviewed previous reports m 
which such a lead was employed , (2) have taken 
a senes of electrocardiograms mcluding this lead on 
patients without heart disease to determine the range 
of normal vanations , and (3) have also noted 
characteristic alterations m CFi m certain cardiac 
conditions particularly postenor wall mfarction, m 
which the use of this lead may be helpful 
Kossman and Johnson in 1935 reported on the 
normal vanations m multiple praecordial leads 
Their subjects were 30 medical students They 
used the central terminal distal electrode and the 
nght pectoral t position With this lead V 1 they 
found no Q wave, R, 1 0 to 9 6 mm , S, 3 4 to 
24 mm , T from —4 0 to +5 6 mm and RS (in- 


trinsic inflection) 6 6 to 26 8 mm An electro-nega- 
tive T wave was found m 3 out of the 30 cases in V 1 
Wood and Seltzer (1939) examined the nght pec- 
toral lead usmg both the nght arm and the left leg 
as sites for distal electrodes In regard to the QRS 
complex they found S dommant in 75 per cent with 
the use of the nght arm and 95 per cent when the 
proximal electrode was paired with the left leg 
When the rjght arm was used the T wave remained 
upnght, but when the left leg was used the T wave 
often became inverted Thus in CFi, T was inverted 
in 65 per cent of normal children and 56 per cent of 
normd adults With progressive enlargement of 
the left ventncle they found the incidence of negative 
T waves fell from 58 per cent to ml in grade III 
enlargement In other words if there was significant 
enlargement of the left ventncle T was upnght 
Hearts displaced by a high diaphragm to give left 
axis deviation m the standard leads did not act 
m the same way Of twelve normal pregnant 
women with left axis deviation m the limb leads, 
ten had inverted T waves and two diphasic T waves 
m CFi These authors concluded that m the right 
pectoral lead (CFi) one has a means of distinguish- 
ing left ventncular enlargement from displacement 
of the heart due to a high diaphragm They 
mdicated also that dommance of the nght ventncle 
may be better ascertained m the right pectoral 
lead by the use of the left leg, rather than the nght 
arm for the distal electrode In the former an R 
taller than S was more certain of this mterpretation 
In cases of postenor myocardial infarction they 
stated they denved no help from the chest leads for 
the limb leads required no support and the chest 
leads had but httle to give Deeds and Barnes 
(1940), Shanno (1940), and Sigler (1944), have also 
described charactenstics of lead CFj These arc 
summarized in the Table 
Wilson and his associates in 1944 pubhshed 


♦ Fellow in Cardiology 

t Right praecordial and nght pectoral are used sjmonymously for the Cj position in this paper 
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TABLE 

Right Pr^cordial Lead CFi 


Deeds and Bames, 1940 
Shanno, 1940 
Sigler, 1944 
Vesell and Shorr f 
Wood and Seltzer, 1939 


Cases 


100 

100 

100 

265 


P, mm 


-1 7 
-2 0 
-1 8 
-2 8 


-f0 5 
- 1-2 0 
4-0 6 
-f0 8 


R,*mm 


02 

40 

02 

02 


98 
70 
10 0 
74 


a 

u 

t/3 

Si 

rt 


40 

49 


e 

a 

e 


S, mm 


E 

3 

E 

S 

CO 


60 

20 

40 

28 


35 0 
30 0 
35 0 
250 



-6 0 
-6 0 
-4 5 
-4 6 


-1-67 
-f7 0 
-1-5 5 
-f4 2 


DO e-i 

cs c 


o) 

c 


70 

51 

69 

58 


* Q was absent m all 

t l^T was often elevated up to a maximum of 1 8 mm 


multiple prsecordial lead electrocardiograms taken 
with the Wilson central terminal electrode m 
patients with myocardial infarction The nght 
pectoral lead V 1 was mcluded, and they observed 
that with this lead in cases of high lateral, 
plain postenor and postero-lateral infarcts R and T 
of V 1 (and V 2) were unusually prominent This 
was not so m postero-mfenor infarction In an 
article in 1946 he and his associates noted m the 
single case of high postero-lateral myocardial in- 
farction that T waves became taUer in leads from 
the right side of the prsecordium 

The following is an analysis of the normal varia- 
tions of the praecordial electrocardiogram taken m 
the nght pectoral position CFi The subjects were 
265 adults There were two groups In the first, 
all traangs were taken with the patient m the sitting 
position This group consisted of 200 workmg 
men between the ages of 30 and 68 years, and only 
11 were in the seventh decade The majority were 
labourers, all were ambulant No chmcal evidence 
of heart disease was found m an ordinary history 
and physical exammation and the routme four lead 
cardiogram (standard hmb leads I, II, III, and 
CF«) was normal by usual cntena * In many 
a teleradiogram was taken and was normal In the 
second group the cardiogram was taken with the 
patient m the recumbent position The subjects 
were 65 men and women They were patients in 
the hospital or office patients m pnvate practice, 
ffieir ages were from 20 to 58 years As m the first 
group the heart was considered to be normal after 
an ordmary history, physical exammation and four 
lead cardiogram In the majonty a cardiac fluoro- 
^opy was done and was normal In some the 
CFi lead was taken m both the recumbent and 
Sitting position 

The cardiograph used was a stnng galvanometer. 

Committee of the New York Heart Associa- 
tion (1939), New York 


either the Cambridge mobile umt or Cambndge 
simphtrol The electrodes were the conventional 
ones, 3 5 X 6 cm , of german silver A circular 
electrode 3 cm m diameter was often used for the 
praecordial leads and was kept in place by an elastic 
rubber belt The chest electrode was placed in the 
fourth intercostal space at the right margm of the 
sternum, and the distal electrode just above the left 
ankle A suitable electrode paste was employed 
Standardization of the string, 1 cm for 1 mv , was 
made and recorded with each lead Measurements 
recorded were usually the average of several deflec- 
tions or segments Frequently a magnifying lens 
was used 

In view of the fact that the normal variations in 
CFi revealed httle or no difference in the two groups, 
they were considered as one group of 265 cases to 
mclude males and females, and sitting and recumbent 
positions P ranged from —2 8 to -bO 8 mm , 
88 per cent were negative, 9 per cent diphasic, and 
only 3 per cent positive, the average negative P 
was — 1 3 mm , the average positive T was 4-0 5 
mm Q, mterpreted to mean an imtial negative 
QRS deflection followed by a positive, R, deflection, 
was not observed m any of the 265 In 13 (5 per 
cent) there was (see Fig 3) an absent R wave (i e 
monophasic negative QRS wave) In several other 
instances where the R wave was very small, about 
0 2 mm , there were occasional complexes in the 
same tracings m which no R was visible also forming 
a monophasic negative QRS (S) complex This 
monophasic negative wave, S, ranged from —4 5 to 
— 17 0 mm with an average of —10 8 mm R 
ranged m amplitude from 0 2 to 7 4 mm The 
average was 2 mm Occasionally there was some 
slurring of R, this was usually in small deflections 
and was shght, S, ranged in amphtude from —2 0 
to —25 0 mm with an average of —13 2 mm There 
was infrequent slumng and this was usually with 
vvaves of low voltage and was only shght R^, was 
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noted 46 times and ranged m amplitude from 1 0 to 
7 5 mm It was frequently slurred QRS dura- 
tion was the same as m CF* or in the limb leads, no 
noticeable difference was seen RS-T segment was 
often elevated, up to 1 8 mm , RS-T depression 
was not seen T ranged from —4 6 to +4 2 mm , 
It was negative m the majonty of tracmgs, 183 of 
the 265, or 69 per cent 46 were diphasic, H — , 
most of these were preponderantly negative There 
were only 34 of the 265 (13 per cent) m which T was 
positive Only 3 of the 37 females (8 per cent) had 
a positive T In these three the amphtude of T was 
+4 0, +2 2 and +1 6 mm with an angle alpha of 
+55°, +74° and +20° In the whole senes of 
265 there were only 5 with T of +3 mm or more, 
the average of the positive T waves was 1 8 mm 

In 15 cases m which T was negative with the 
patient in ±e sitting position a tracing was also 
taken, at the same time, with the patient in the 
recumbent position In all 15 the T remained 
negative with little vanation m depth In 4 patients 
(2 male and 2 female) with a positive T in CFi m 
the recumbent position the tracing was also taken 
in the sitting position In the latter position the T 
remained the same m two and in the other two was 
shghtly reduced, from 1 2 to 1 0 mm and from 1 6 
to 1 2 mm 

The relationship of deviation of the electrical axis 
of QRS to negative T waves m CFi was exarmned 
Axis deviation of QRS was expressed by angle alpha 
measured on a Dieuaide chart In the 265 cases 
angle alpha ranged from —35° to +115° No 
correlation of T wave negativity with deviation of 
the electncal axis of QRS was noted, positive and 
negative waves were observed almost as frequently 
in the range of 0° to —35° as in that of +70° to 
+115° 

Tracmgs m which a Q wave was present m limb 
lead III were examined, there were 123 No corre- 
lation was noted with respect to T in CFj m that 
both negative and positive T waves were observed 
in this group There were 1 1 of the senes of 265 
in which the QIII was prominent, 25 per cent of 
the largest R m the three hmb leads, with no S HI, 
and without nght axis deviation Here also both 
negative and positive T waves were noted in CFi 
In five, T in CFi was negative, m five diphasic, 

-1 — , and m one it was positive Thus in normal 
subjects a negative T in CFi may occur with a 
prominent QIII This is of significance in the light 
of the T wave findings with postenor wall infarction 
descnbed later 

The efiect of axis deviation on the RS deflection 
was the following in 51 cases the angle alpha was 
between 0 and —35° R averaged 1 4 mm and 
S averaged 8 0 mm , the relationship of R to S 


vaned considerably in this group, from 1 to 2 to 1 to 
28, with the exception of one case in which R was 
larger than S and R S was as 1 to 0 4 In the 
group (24) with angle alpha of +80° to +115° the 
average for R was 1 76 mm and for S 12 0 mm the 
ratio R to S ratio ranged from 1 2 to 1 18 Thus 
for the whole group of 265 normals, in the axis range 
most to the right (clockwise), R averaged 25 per 
cent larger and S 50 per cent deeper than m the axis 
range most to the left (counter-clockwise) There 
was only one tracing in the whole series of 265 where 
R was larger than S, R=3 2, S= — 1 5 mm and angle 
alpha —17° 

There was some correlation between R and S in 
CFi and CF^ It has been pointed out that in 
normals R increases in amplitude as one goes from 
CFi to CF 4 or CF 5 and that S decreases This 
was generally found to be so and R was larger m 
CF 4 than in CFj m all but 5 of the 265 cases, usually 
the difference in amplitude was considerable In 
the 5 exceptions where R in CFj was larger it was 
4 0, 4 8 , 3 9, 4 8 , and 4 7 mm , while R IV was 2 0, 
3 0, 2 5, 3 6 , and 3 0 mm with angle alpha of +55°, 
+ 68 °, +50°, +77°, +75° respectively S was not 
infrequently larger in CF 4 than m CFj 

No correlation was noted between negative T 
waves in CFi and amphtude of T in CF* except 
that T m the latter was always positive while T in 
CFi was negative m 69 per cent 

Fifteen cases with the cardiographic pattern of 
left ventricular stram were examined The pattern 
of left ventncular strain consisted of a tall R I, deep 
SHI, depressed RS-T I (often RS-TH) and fre- 
quently mversion of TI and occasionally of TH 
In all 15, T was upnght in CFj except for one in 
which the T was diphasic, — 4 and + 1 0 mm The 
average for T was +2 2 mm These findings are 
largely in accord with those of Wood and Seltzer 
who found T %vave negativity in CFi to be reduced 
in left ventncular enlargement and absent when the 
enlargement was marked In the cases with the 
cardiographic pattern of left ventncular strain, 
enlargement of the left ventncle was practically 
always present In this group R tended to be 
smaller than in normals, the average was 0 97 mm 
compared with 2 0 mm for the senes of normals, in 
seven of the fifteen, R=0 and R» was present three 
times S in this group tended to be deeper than in 
the normal, the average was 18 4 mm compared 
\vith 13 2 mm for the normals 

CFi IN Posterior Wall Infarction 

A white woman, 64 years of age, for several years 
a pnvate patient of one of the authors, was examined 
at his office on Apnl 17, 1941 Her medical condi- 
tion was essential hypertension and chronic osteo- 
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arthritis involving the joints of the arms, legs, feet, 
and spme There was no chest pain related to 
effort, no mid-chest pain and no undue shortness 
of breath Heart sounds normal, blood pressure, 
168/110, lungs clear, liver not palpable, and no 
oedema of the lower extremities Fluoroscopy re- 
vealed the heart to be of normal size, shape, and 
position, the thoracic aorta was somewhat tortuous 
A cardiogram, taken with the patient recumbent, 
showed some left axis deviation, angle alpha was 
— 15° The tracing was within normal vanations 
The T waves in leads 1, 11, and IV were upright, 3 4, 
2 0, and 5 4 mm respectively The RS-T segment 
was elevated, 0 5 mm in lead I, and depressed 0 4 mm 
in lead HI In lead CFi, P was —0 8 mm , R, 0 4 
to 0 8 mm , S— 6 5 mm , RS-T, elevated 0 2 mm , 
and T inverted, —0 5 to —0 % mm fFig \) Font 
days later (Apnl 21, 1941) while at home she sud- 
denly developed severe prolonged substemal pain 
with the clinical picture of acute myocardial in- 
farction The cardiogram taken that day (Fig 1) 
showed changes from the one taken four days before 
RS-T in lead II became shghtly elevated, with 
shouldenng as it continued into the coved and 
inverted T wave Lesser changes were present m 
leads I and III CF^ was not taken Two days 
later, Apnl 23, the second day of the acute attack, 
another cardiogram revealed progressive cardio- 
graphic changes in leads II and III charactenstic 
of the pattern of recent postenor wall infarction 
In CFj, T, which 6 days before was mverted, was 
now on the second day of the acute attack upright 
and of moderate amplitude, 2 8 mm , moderately 
tall for CFi P remained unchanged while R be- 
came taller, 2 4 mm compared with 0 4 to 0 8 mm 
before the attack, S became slightly deeper, —80 
mm compared to —65 mm , R^T which was 
elevated 0 2 mm prior to the attack was now de- 
pressed to 0 2 mm below the isoelectnc line T 
remained upnght m tracings taken ten days, 59 days 
and 136 days after the onset of the attack though 
gradually decreasing in amplitude, 2 5, 15, and 
0 8 mm respectively (Fig 1) In this last tracing 
(136th day) T in lead II had become upnght and 
was 0 8 to 1 0 mm in amplitude 
Fourteen months later T ^n CFx again became 
inverted, 1 6 mm , R reduced to 0 0 to 0 2 mm , and 
RS-T isoelectnc The standard hmb leads were 
similar to those taken before the attack with the 
exception of the presence of a small Q in lead II, 
0 5 to 1 0 mm , R I was slightly taller, R III corre- 
spondingly smaller, and T IV 2 5 mm smaller A 
cardiogram five years later (October 1947) revealed 
little change A large Q wa\e was present m the 
augmented unipolar left leg lead 
Cardiograms including CFj w’ere taken on another 


patient before and after an attack of acute myocardial 
infarction (Fig 2) Leads II and III after the 
attack were characteristic of the pattern of postenor 
wall infarction In lead CFj, T which was negative 
before the attack became positive after the attack, 
R became taller 

These findings indicated that with acute postenor 
wall infarction certain changes occurred in lead CFj 
The changes m the T wave in this lead were sinking 
and It was thought they might be expressive of the 
specific cardiac lesion and helpful in diagnosis 
Accordingly, electrocardiograms in cases with the 
clinical picture of recent myocardial infarction and 
with the electrocardiogram in the limb leads cha- 
ractenstic of the pattern of postenor wall infarction 
were examined All had a prominent Q II and Q III 
vntb mverted Til awd Till, wowe bad ngbl axvs 
deviation There were 35 cases, all were patients 
in the hospital, 31 males and 4 females, ages 
ranged from 41 to 78 years The measurements in 
lead CFi were P, —0 3 to —20 mm , 3 were 
H — , there were no positive P waves and none of 
unusual or abnormal configuration Q waves were 
not present R, 0 5 to 9 0 mm , no absent R, the 
average was 3 9 mm and taller than in the series of 
normals where the average was 2 0 mm S, 0 0 to 
— 19 2 mm , average —82 mm smaller than in the 
normal series where the average was —13 2 mm 
R* was present twice, each 2 0 mm QRS duration 
appeared unaltered RS-T was depressed in 6, 
0 2, 0 8, 1 0, 1 0, 1 5 and 1 5 mm below the isoelec- 
tnc base line, in two, J was the lowest point of the 
segment and the ascendmg hmb of the T wave 
gradually rose from it In nine, RS-T was elevated 
0 2 to 1 8 mm T was positive in all 35 cases and 
the range was from 1 0 to 9 0 mm with an average 
of 3 1 mm T was generally taller than in normals 
where the average positive T was 1 8 mm and in 
only 5 of the 265 normals was T 3 mm or taller 
Negative T waves were not observed The con- 
figuration and duration of the T did not appear 
abnormal 

Observations were not made on the duration of 
these changes in CFi in the 35 patients after their 
discharge from the hospital However, in the first 
case descnbed above the T wave changes were 
noted to last at least 4 months In a cardiogram 
14 months after the attack the T wave was again 
negative 

Thus it appears that lead CFi reflects changes in 
the postenor wall of the heart, exhibiting character- 
isUc alterations with infarction of this area The 
cardiographic changes are of opposite sense to those 
observed in the unipolar left leg lead in this con- 
dition, and may be contnbuted at least m part by 
the left leg component R became taller and S 



162 


VESELL AND SHORE 


deeper RS-T often was depressed below the base 
line This did not occur in normals The most 
strikmg alteration was m the T wave which was 


positive m all such cases though m the nonnal T 
was positive m only 12 per cent and even less in 
females This T wave alteration m CFi could be 
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pattern of postenor waH attack T inverted, R small two da^ 
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Fig 2 — Cardiograms (A) before and (B) after attack of acute 
myocardial infarction Senal changes m hmb lead II and 
in and CF 4 conform to the cardiographic pattern of 
postenor wall infarction In A lead CFj, R=0 and T is 
inverted, m B lead CFi, R is upright, 3 8 mm , and T is 
upnght, 4 mm 

of use in the diagnosis of recent postenor myocardial 
infarction It may be particularly helpful where Data 
changes m the hmb leads especially lead II, are reviewe 
equivocal or absent and also in the evaluation of 265 pi 
Q in A negative T wave in CFj, which occurs in describ 
about 70 per cent of normal adult electrocardiograms, Vani 

would, from the above, be unportant evidence agamst are des 
the presence of recent mfarction of the postenor of the ] 
'vail of the heart prorrun 


Fig 3 — Cardiogram showmg absent R 
m CFi, also inversion of T In 15 
cases in the senes without heart 
disease R=0 in CF,, frequently 
with mversion of the T m this 
lead. 


Summary and Conclusion 
Data on the nght praecordial lead CF^ have been 
reviewed The charactenstics of CFj in a group of 
265 patients wthout heart disease have been 
described 

Vanations of the T wave, m particular, in CFi 
are desenbed in relation to changes m position 
of the patient, electncal axis of QRS, presence of a 
promment Q in, and in left ventricular stram 
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In two patients, CF^ was taken before and after 
the occurrence of a postenor myocardial mfarction 
and revealed the development of characteristic 
changes These characteristic changes in CF^ were 
found m each one of a senes of 35 cases of recent 
myocardial infarction of the postenor wall The 
use of lead CFi m the diagnosis of posterior wall 
infarction is discussed 

Usefulness of CF^ has been mdicated m (I) locat- 
mg the side of bundle branch block, with CF« or 
CFs (Wilson) , (2) evaluation of left ventncular 
enlargement, particularly from displacement by the 


diaphragm, (3) possibly of nght ventncular en- 
largement (Wood and Seltzer), and (4) m postenor 
wall infarction It has also been used for better 
recordmg of auncular activity and by EUis and 
Brown '(1946) as an aid in the diagnosis of tncuspid 
msuffiaency 

The information obtained from a nght prfficordial 
lead C 1, and m particular CFi, descnted above, 
mdicate it to be of sufficient value to recopimend its 
regular use with other pnecordial leads m routine 
electrocardiography for general purposes 
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Case Report 

Cluneal History In January 1947 a Cypriot 
officer, 23 years of age, fell unconscious whilst 
playing football, and was dead when examined 
by a doctor five minutes later His unit medical 
officer had known him for five years and stated that, 
apart from appendicectomy in 1945 and bacillary 
dysentery and folliculitis of the face and neck in 
1946, he had been well and had led a normal active 
life He had had further trouble with his folli- 
culitis for two weeks before his deatn and was 
attending daily for local treatment, but he did not 
complain in any way about his general health and 
played football regularly 

Post-mortem examination A well encapsulated 
loculated hydatid cyst, 4 cm m diameter, was 
situated in the upper part of the right lobe of the 
liver and the peritoneum covering the cyst was 
thickened Apart from the findings in the cardio- 
vascular system the other viscera were normal 

The left coronary artery, 5 mm from the aortic 
orifice, contained a pear shaped mass, 1 8 cm long 
and Varying in width from 0 3 to 1 0 cm , which was 
calcified peripherally to form a cyst-like structure 
and centrally it consisted of organizing laminated 
blood clot In this region the artery was dilated 
and the walls thinned forming a cavity or recess in 
which the cyst lay with its broader distal end impacted 
in the narrow lumen beyond There was very 
little atheroma and the vessel walls showed a few 
scattered plaques only (Fig 1) 

The right coronary artery, about I cm from its 
origin was also dilated locally and there was a small 
indentation or pocket in the wall where marked 
atheromatous changes had developed The vessel 
was patent The myocardium showed softening 
in the posterior part of the wall of the left ventricle 
but there was no evidence of old infarction All 
the valves were normal Unfortunately the speci- 
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men was accidentally destroyed before histological 
preparations could be made There can be no 
doubt that sudden impaction of the calcified cyst 
had caused occlusion of the artery and led to death 

Discussion 

It was at first thought that the calcified cyst might 
be related to the hydatid cyst of the liver, but a 



Fig I —Diagrammatic drawing of the anterior aspect 
of the heart The pulmonary artery has been 
removed and the aorta pulled fonvard to demon- 
strate the whole length of the left coronary artery 
Within 5 mm oi the ostium there is an aneurysmal 
dilatation containing a pear-shaped calcified cystic 
mass ^ 
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hydatid seedling would be unlikely to lodge in a 
large artery, it would be swept on into the smaller 
capillaries supplying the myocardium A hydatid 
cyst of the myocardium is rare, a hydatid cyst 
within a coronary vessel would seem to be an 
impossibility The germinal epithelium would be 
found within the cyst but it contained old blood clot 
only Furthermore the condition of the right 
coronary artery made it clear that the case was one 
of bilateral aneurysm Within the left aneurysm 
a thrombus must have developed and subsequently 
became partially calcified Monoher (1938) re- 
ported a case in which an oval coronary aneurysm 
arising 3 mm beyond the aortic opening contained 
laminated clot 

Aneurysms of the coronary vessels are well known 
ranties but we have been unable to discover any 
other reported instance of sudden death following 
coronary artery occlusion by a foreign body lying 
within the lumen of the vessel The first case of 
coronary aneurysm was reported by Bougon in 
1812, and Packard and Wechsler (1929) collected 
29 reported cases and added one of their own 
From an analysis of these cases they concluded 
that the condition is three times as common in 
men as in women and that in the vast majority 
of cases the aneurysm is single and is usually situated 
on the left coronary artery within 2 5 cm of its 
ostium Sudden death is common and practically 
always due to rupture of the aneurysm, gradual 
heart failure is the cause of death in the others 
They found no typical symptoms referable to the 
aneurysm itself, indeed in many cases no complaints 
of illness were known at the time of their sudden 
death In a consideration of the letiology they 
classified the cases into a mycotic-embolic group, 
occurring in association with acute or subacute 
endocarditis of the aortic valve and into an arterio- 
sclerotic group where a marked coronary sclerosis 
was present Aneurysms due to periarteritis nodosa 
were carefully excluded from the review Syphilitic 
mesaortitis was responsible for three cases in the 
senes In the second group they believe that the 
situation of the aneurysms, immediately beyond 


the orifice, suggests that arteriosclerosis probably 
precedes the aneurysmal dilatation, but when one 
considers the frequency of coronary sclerosis and 
the rarity of aneurysms, such an $tiology, even 
with associated hypertension, is difficuft to accept 
Hams (1937) in reporting a case of circoid aneurysm 
of the nght coronary artery advanced a deficiency 
in the elastic lamella as a probable cause of the 
dilatation More recently Rigdon and Vandergriff 
(1943), reviewing reported cases, consider the 
possible ffitiology in young persons may be a solitary 
arteriosclerosis of the coronary vessels, though they 
favour congenital anomalies as more probable 
They instance the work of Forbus (1930) who studied 
the aneurysms that develop at the point of bifurca- 
tion of the medium sized cerebral artenes, and 
demonstrated defects in the vessel walls, he found 
similar deficiencies in coronary vessels Rigdon 
and Vandergriff conclude that coronary aneurysms 
develop in association with defects in the muscular 
coats located at either the point of bifurcation or 
at a point where a branch leaves the parent vessel 

In our case there was no evidence of syphilis, 
mycotic-emboli, or periarteritis nodosa, and it was 
clear from the advanced calcification of the thrombus 
that It was older than the early atheroma and it is 
considered that the latter was rather a resultant 
than a causative factor In the absence of histo- 
logical proof the exact etiology must remain a 
matter for speculation but we are of the opinion 
that the bilateral aneurysms were probably due to 
congenital defects in the vessel walls 

Summary 

A case of bilateral coronary aneurysm in a man 
aged 23 is reported Sudden death was due to 
impaction of a calcified thrombus in the left coronary 
aneurysm The tetiology is discussed, and reasons 
are given for regarding it as congenital 

We wish to thank Major General F Hams, Director 
of Medical Services Middle East Land Force^ for 
permission to publish this case and Brigadier C G 
Parsons, Consultant in Medicine, for his help and 
advice 
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The simian figure of the country gentleman from 
the north of England, who was Sir James Paget’s 
first reported case (1877) of osteitis deformans, 
hobbles still through all accounts of this disease 
he exemplifies most of the known complications 
Paget himself learnt little more from the twenty-two 
other cases he saw (1882, 1889), and since then a 
forest of at least 700 articles, covering over 2000 
cases, has added little wholly new to the onginal 
description 

The basic problem of the setiology still eludes 
us Schmorl (1926, 1930, 1932) has shown the 
disease to be less rare than Paget thought, and 
with many others (Higbee and Ellis, 1911, 
Knaggs, 1926, and Jaffe, 1933, the chief) has 
extended our k^iowledge of the morbid anatomy 
Da Costa et al (1915) questioned, and Koller (1946) 
seems to have refuted, Paget’s denial of all hereditary 
element Packard et al (1901) and Knaggs (1926) 
questioned, but Coley and Sharpe (1931) established 
beyond question, Paget’s claim of a relationship to 
bone sarcoma Of perhaps more fundamental 
importance are the demonstrations, by methods not 
available to Paget, of the high blood phosphatase 
by Kay (1930) and of the extraordinarily high blood 
flow through affected bones by Edholm, Howarth, 
and McMichael (1945) 

The interest in the vascular relations of the disease 
following the latter work encourages us to report 
two cases of a complication that has so far been 
overlooked In both cases calcification of the inter- 
ventricular septum, consequent we believe upon the 
Paget s disease, interrupted the bundle of His and 
produced heart block This seems to be no co- 
incidence a recent series (Windholz and Grayson, 
1947) of 12 cases of heart block (in all of which 
septal calcification was demonstrated radiologically) 
included 2 cases of Paget’s disease 

Case Notes 

Case 1 An unmarried woman of 71 who worked 
as a chambermaid was admitted under the care of 


Dr Paul Wood m January 1936 She stated that 
since youth she had suffered from pains in her legs 
In 1919, at the age of 54, this pain became much 
worse and her legs became bowed, and at the same 
time her left clavicle enlarged She was able to 
get about with difficulty but continued working for 
two years, after which she was only able to move 
with crutches The disease progressed and when 
admitted in 1936 she was quite unable to get about 
On examination she showed the typical picture of 
Paget’s disease with bowing and thickening of both 
femora and tibiae and the right ulna and clavicle 
There was a hard mass m the connective tissues 
just lateral to the crest of the left ilium The skull 
and spine were not deformed Skiagrams confirmed 
the diagnosis of Paget’s disease and showed the 
subcutaneous maiss to be calcarious The blood 
count was within normal limits, blood calcium was 
9 2 mg per 100 ml , blood phosphorus 9 1 mg per 
100 ml , and blood phosphatase was 52 Kmg- 
Armstrong units but later fluctuated between 60 
and 70 units The pulse was 80, the B P 175/85 
The apex beat was forceful four and a half inches 
from the midline There was a rough systolic 
murmur at the apex and a soft systolic murmur at 
the aortic area She was transferred to the chronic 
block and about 18 months later began to have 
attacks of unconsciousness preceded by a sensation 
of fluttering m the abdomen A cardiogram during 
these attacks showed complete heart block (Fig I) 
with a ventricular rate of 30 and an auricular rate 
of 120 Between attacks there was right bundle 
branch block These Stokes-Adams attacks con- 
tinued intermittently until December 1937 when she 
died in one 

Autopsy was carried out 39 hours after death 
Advanced Paget’s disease was seen in the right 
femur, tibia, clavicle, pelvis, and sternum There 
was Paget s disease without significant deformity 
in the spine There was no apparent disease in the 
ribs (Fig 2), right fibula, skull, or left clavicle 
Other bones were not excised In the nght clavicle 
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the disease had progressed to almost ivory-like The mass m the subcutaneous tissues proved to 
sclerosis but in all the other affected bones osteo- be a focus of amorphous calcification 8x6x3 cm 
porosis was in advance of sclerosis and the bones The heart weighed 585 g and showed muscular 
were soft and extremely vascular hypertrophy The coronary arteries were injected 



Fig 1 — Case 1 Electrocardiogram during a Stokes-Adams attack 



Fig 2 — Case 1 Rib, showing osteoblastic and osteoclastic 
activity, vascular fibrous marrow, and irregular rement 
lines Stained with H andE Magnification x]12. 
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with barium gelatine mixture and skiagrams showed 
normal lumina At the base of the mitral valve, 
in the connective tissues at its attachment, there was 
a bar of calcification extending the length of the 
postenor cusp and spreading on to the base of the 
interventricular septum to involve the pars mem- 
branacea septi (Fig 3) Apart from this the mitral 
leaflets were healthy as were those of the other valves 
Microscopic section confirmed the gross findings 
The calcification in the heart was amorphous and 


was surrounded by fibrosis There was Moncke- 
berg sclerosis in the iliac artery The kidneys did 
not show hypertensive changes and the degree of 
cardiac hypertrophy (585 g ) remained unexplained 
In the light of Case 2, one is tempted to suggest 
that this too may have been an example of high 
output hypertrophy due to a vascular shunt through 
bones 

Case 2 An old-age pensioner, aged 74, was 
admitted in October 1947 under Professor 


! 



Fig 3 - Case I X-ray of the septum after barium gelatine injection of 
vessels showing the intact blood supply and calcification involving the 
pars mcmbranacca 
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Fig 4 — Case 2 X-ray of lower end of femur (post-mortem specimen) showing advanced Paget’s disease 



Fig 5 — Case 2 Electrocardiogram showing complete heart block wth ectopic beats 
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J McMichael A known case of Paget’s disease for 
many years he had been bedridden for 2 to 3 years 
There had been dyspnoea, orthopnoea, and mental 
^changes for three weeks, and oedema for one week 
On examination, there was orthopnoea, widespread 
oedema, an enlarged tender liver, fluid at the nght 
base, and jugular venous pressure 10 cm above the 
sternal angle The skeleton showed gross deformity 
of the skull, limbs, and clavicle radiographs con- 
firmed extensive Paget’s disease (Fig 4) and showed 
also extensive arterial calcification Pulse rate, 
34, B P 120/60 Apex beat four and a half inches 
to left of midline A blowing systolic murmur over 
whole prfficordium A cardiogram (Fig 5) showed 
complete block with coupled ectopic beats (Dr Paul 
Wood) Alkaline phosphatase 132 units (King- 
Armstrong) Blood urea 54 mg , bilirubin 1 5 mg 
each per 100 ml Cardiac catheterization was only 
partially successful, but an abnormally high oxygen 
content of the venous blood, especially in the 
jugular vein, was demonstrated Treatment of the 
cardiac failure proved ineffective and he died on 
Nov 3, 1947, twelve days after admission 
Autopsy was carried out 1 1 hours after death 
The skeletal changes of Paget’s disease were gross 
and typical, involving the cranium, all bones of the 
trunk, and all long bones except the fibul® 
Microscopically the bone changes were typical 
and indicated widespread activity (Fig 6) Vascu- 


larity was obvious both macro- and microscopically 
The heart weighed 435 g there was moderate 
hypertrophy of both left (1 8 cm) and right (0 7 cm ) 
ventricles The posterior mitral cusp was con- 
tracted into a solid calcified ball all cusps of the 
aortic valve, with both the aortic and the mitral 
rings, were thickened and patchily calcified the 
process had extended into the upper posterior two- 
thirds of the membraneous septum The extent 
of the lesions is best seen in an X-ray of the speci- 
men (Fig 7) The anterior descending coronary 
branch was blocked near its origin and the block 
calcified, but there was no infarct Histological 
examination of the heart added little to the naked 
eye findings in the region of the calcification the 
bundle of His was quite unrecognizable, though 
Purkinje fibres in the muscular septum appeared 
healthy There was extensive medial calcification 
with relatively mild atheroma in arteries everywhere 
(Fig 8) Findings in other systems included cystitis 
and an old pyelonephritic atrophy of the right 
kidney (55 g), calcification of the right cupola of 
the diaphragm, and an old collapse of the lower 
lobe of the right lung The thyroid, pituitary, and 
adrenals were normal The parathyroids were of 
average size but showed an almost complete absence 
of oxyphile cells 

Discussion 

Calcification of the heart 
valves and rings, though often 
described, has not been shown 
to be significantly commoner 
m Paget’s disease than in 
controls of the same age We 
have, therefore, collected 
some data on this point 
Our departmental records 
contain 13 cases of general- 
ized Paget’s disease Six of 
their hearts showed valvular 
calcification (see Table I) 
To this we have added 30 
reported cases Adequately 
detailed accounts are rare 
most articles arc purely clin- 
ical (including nearly all the 
larger senes — Gutman and 
Kasabach, 1936, Newman, 
1946, Kay et al , 1934, 
Sugarbaker, 1940, O’Reilly 
and Race, 1932, Looser, 
1926, and others (especially 
Schmorl) deal only with the 
bones A search of 170 of 
the readily available articles. 
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FiCi 7 —Case 2 X-ray of a transverse slice of the heart containing the valves, showing irregular calcification in- 
volving especially the posterior part of the mitral ring and extending on to the membranous septum 



Fig 8 — Case 2 Left kidney, showing medial calcification in a small artery 
Stained with H and E Magnification /112 
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covenng some 820 cases, has yielded only 30 
autopsied cases m which the disease was generalized, 
the diagnosis clear, and the heart either descnbed 
or reasonably to be assumed normal, several 
of these showed calcification (Table II) Com- 
bming our 1 3 with the 30 reported cases of Paget’s 
disease we find that 17 out of the 43 (39 pier cent) 
showed valvular calcification In a control senes 
of 223 autopsies of similar age distnbution from our 
departmental records 17 showed valvular calcifica- 
tion (8 per cent) A more detailed analysis of these 
figures IS shown m Fig 9, which also gives the 
figures for non-calcanous valvular sclerosis 

Thp two tables give details of the cases from 
which Fig 9A was constructed The eleven cases 
in Table I make, with the 2 already descnbed, a 
total of 13 seen in twelve years at this hospital 
among 4300 autopsies (0 3 per cent) No special 
search for the disease had been made dunng this 
tune and all the cases listed were extensive and 
unmistakeable cases with small and doubtful 
lesions have not been included It may be men- 
tioned m passmg that the absence of oxyphde cells 
m otherwise normal parathyroids, noted by Davie 
and Cooke (1937), has been confirmed m four cases 
of five exammed 

In all those cases m Table 11 where calcification 
of valves has not been specifically noted it has been 


assumed absent but in several of the older cases 
(e g Goodhart’s and Silcock’s) the wordmg leaves 
some room for doubt 

Two conclusions can be drawn from this compan- 
son Cardiac calcification is about five tunes as com- 
mon m Paget’s disease as m controls, and the total 
incidence of valve disease is about the same (the 
difference between the two sets of figures is statistic- 
ally significant but in view of the mixed nature of 
our data this is perhaps not to be relied on) The 
imphcation of this is that whilst collagenous sclerosis 
of the heart valves is fairly common in old pieople, 
those with Paget’s disease have an exaggerated 
tendency to calcify Necrotic tissue ' or hyalme 
collagen have a natural tendency to calcify possibly 
because of their low CO 2 tension but in Paget’s 
disease there is evidence of an additional factor in 
the form of an unduly labile calcium metabohsm 
Wells and Holley (1942) recorded a case of Paget’s 
disease m which heavy doses of Vitamm D pro- 
duced fulmmatmg metastatic calcification, and 
Sehgman and Nathanson (1945) recorded a similar 
but slower result following relatively small doses 
Furthermore, Reifenstem and Albnght (1944) 
recorded two cases of Paget’s disease in which 
immobilization by fracture combmed with an 
ordmary hospital miUc diet produced a dangerous 
elevation of blood calcium This last observation 


TABLE I 

Personal Cases of Osteitis Deformans 


No 

Sex and 
Age 

Bone changes 

Cause of death 

Weight 

of 

heart 

(g) 

Valve lesions 

Arterial 

calcification 

noted 

3 

F, 56 

Generalized 

Care rectum 

Normal 



- 

4 

F, 60 

Generalized 

Renal calculi 

235 

— 

— 

5 

M, 65 

Pelvis only 

Fracture of spine 

340 

1 

— 

6 

M, 67 

Generalized 

Staphylococcal endo- 
carditis 

600 

Fibrous thickenmg of 
posterior cusp of mitral 
valve, wth large recent 
vegetauons 

Aorta 

7 

M, 68 

Generalized 

Paraplegia (due to 
Paget’s disease of 
vertebras) 

MulUcentnc tumour 
and high output heart 
failure 

400 

One aortic cusp calcified 


8 

M, 70 

1 ’ 

1 

Generalized 

475 

Calcified aortic ring 

Aorta 

9 

F, 70 

Generalized 

Meningioma 

300 

— 

Aorta 

10 

F, 71 

Long bones of legs 
only 

Generalized 

Care bladder 

185 

(Brown atrophy) 

— 

11 

M, 75 

Care rectum 

335 

Calcified aortic nng 

Postenor tibials 

12 

M, 83 

Skull and vertebra 
only 

t 

Coronary thrombosis 
terpunal femoral 
artery thrombosis 
with gangrene 

410 

1 

1 

Aorta 

13 

M, 86 

Generalized 

Urethral stneture 

350 

t 

Aomc and mitral rings 
and aortic cusps calci- 
fied 

Aorta 


R 
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TABLE ir 


RhPORTED Cases of Osteitis Deformans 


Author 

Sex and Age 

Cause of death 

Valve lesions 

Davie and Cooke, 1937 (II) 

M, 42 

Multiple sarcomata 


Gilles et al , 1894 

M, 49 

Unexplained heart failure 


von Albertmi, 1928 

M, 51 

Sarcoma of femur 


Askanazy, 1904 

F, 51 

Multiple fractures 

“ Whitish thickenmg of smgle valve 

Robinson, 1886 

M, 52 

Cerebellar tumour 

cusps ” 

Bartlett, 1910 

Gruner, et al , 1912 

F, 53 

M, 56 

Broncho-pneumonia 

Sarcoma of humems 

Slight thickemng of mitral cusps 

Ely, 1923 

M, 57 

Gallstones and cholangitis 


Wells and Holley, 1942 

M, 59 

Metastatic calcification 

Calcification of aortic and mitral 

Wilks, 1869 1 



valves, septum and atnal endo- 
cardium 

M, 60 

Cor pulmonale and pen- 


Goodhart, 1877 | 


carchtis 


F, 60 

Multiple sarcomata 

“ Pulmonary valves were thick and 

1 

Packard et al , 1901 



aortic valves had a few vegetations 
on them ” 

M, 62 

Sarcoma of skull 


Levi, 1897 ' 

F, 62 

Heart failure 

Thickened mitral and tncuspid valves. 

Higbee and Ellis, 1911 | 



calcified aortic valve 

M, 63 

Heart failure 

Calcified aortic and mitral valve and 

Robin, 1894 1 

M, 64 

Heart failure 

septum 

“ Mitral insufficiency ” 

Clegg, 1937 

M, 64 

Heart failure 

Calcification of aortic and mitral 
valves 

Davie and Cooke, 1937 (I) i 

F, 64 

Sarcoma of tibia 

Cayley, 1877 

M, 65 

Carcinoma of lung 

Calcification of aortic and mitral 

Jamieson, 1897 (II) l 


valves 

M, 65 

Heart failure 

Calcification of aortic cusps 

Paget, 1877 (I) 

M, 68 

Sarcoma of radius 

Calafication of mitral valve 

Lunn, 1887 r 

M, 68 

Bulbar palsy 

Thickemng of mitral valve 

Stilling, 1890 (11) 

F, 70 

? 

— 

Miller, 1943 i 

F, 73 

Menmgioma 

— 

Jamieson, 1897 (I) , 

F, 73 

Gangrenous leg ulcer 

CalcificaUon of aortic cusps 

Hudelo and Heitz, 1901 

M, 75 

Pericarditis 



Stilling, 1890 (1) , 

M, 77 

Emphysema and cor pul- 

— 



monale 


Smith, 1928 (I) ^ 

F, 81 

Heart failure following frac- 

Calcification of aortic and mitral 


ture of hip 

valves 

Silcock, 1884 1 

F, 84 

Strangulated hernia 

“ Chrome degenerative changes " 

Cone, 1922 { 

M, 85 

Papilloma of bladder with 

Calcification of aortic and mitral 


stone 

valves 

Stilling, 1890 (111) 

F, 92 

? 

Calcification of aortic cusps 


suggests that when Paget’s disease is suffiaently 
crippling to immobihze the patient the risk of 
metastatic calcification is enhanced — a factor that 
was present in both of our cases It seems to us 
probable that the presence of calcification in the 
fibrous tissue at the base of the valves may well 
excite further fibrosis in the neighbourhood and thus 
become a progressive lesion This would explain 
the extension of the process to the membranous 
septum and justify us in regardmg the heart block as 
a true complication of Paget s disease and not a 
mere coincidental calcification in a patient with 
heart block due (a well recognized occurrence) to 
simple fibrosis We hope that by drawing attention 
to these cases we may stimulate a further study that 
will confirm or refute this 


The Vascular System in Paget’s Disease 
Vascular disease is extremely frequpnt in Paget’s 
disease Any collection of case histones makes this 
obvious — Kay et al 's especially well The vascular 
lesions have been supposed responsible for the bone 
disease Len (1926) believes the lesions of the 
nutrient arteries to be responsible, Cone (1933) 
regards the lesion as a sort of chronic venous con- 
gestion of bone But many of the younger cases 
show Paget’s disease without any vascular lesion 
(e g our Cases 3 to 5 m Table I) and clinically 
it has often been clearly demonstrated that the heart 
lesion develops long after the bone lesion (Paget’s 
first case, for instance, also those of Haguenau et a ! , 
1934, and of Thibierge 1893) 

The assaults of Paget’s disease on the heart and 
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Age Groups 


□. 

Non- 

calcified 
valve 
lesi ons 


Calcified 

valves 


1^0 50 60 70 80 + liO 50 6o 70 80+ 



No. of cases 

2 

8 

16 

11 

6 

27 

53 

73 

52 

18 

Cases -with any 
valve lesion 

0 

3 

11 

5 

5 

2 

6 

22 

22 

11 

Cases with 
calcifi cation 

0 

1 

7 

5 

4 

1 

0 

7 

5 

4 


Fio 9 — The histograms show the percentage incidence by age groups of calcanous and non-calcanous valve 
lesions in 43 cases of Paget’s disease and 223 controls The actual number of cases is given below 


vessels are various indeed it is surprising that so 
many patients reach extreme old age We believe 
the principal damaging factors to be as follows 

(a) Hig/t cardiac output caused by the shunt 
through the very vascular bones, implicit in the 
observations of Redman (1889) on the pulse and of 
Klippel and Well (1911) on localized hyperthermia 
over affected bones, but first clearly demonstrated 
by Edholm et al (1945) 

(b) Arterial calcification, as first demonstrated 
radiologically by Beclfere m 1901 O’Reilly and 
Race (1932) found it in 43 per cent of their cases 
aqd although they give no control figures they were 
satisfied that this represents a significant increase 
above what might be expected in patients of the 
same age The finding has been commonly called 


“ arteriosclerosis ” and might be supposed to consist 
of either Monckeberg’s sclerosis or calcanous 
atheroma Smce, however, occlusive vascular dis- 
ease IS certainly not unduly frequent in Paget’s 
disease (there is only one certain artenosclerotic 
gangrene in our 820 collected cases and no coronary 
death in our 43 autopsies) it seems reasonable to 
assume that the increased incidence of radiological 
shadows is due to Monckeberg’s sclerosis 

(c) Thoracic deformity producing cor pulmonale 
This IS surprisingly rare, though one of the earliest 
cases (Wilks, 1869— which is also Paget’s Case 4 of 
1877) died in this way, and perhaps also Stillings 
Case 1 (1890) 

(d) Valve calcifications discussed in this paper 

(e) Heart block This is perhaps not so rare as 
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the lack of reported cases would indicate Cases 
of Paget’s disease in tune join the chronic sick and, 
though they may be studied well at some stage of 
their progress, they do not usually die imder super- 
vision unless they have a sarcoma or some such 
dramatic lesion Heart block m a heart already 
embarrassed by a high output and calcified valves 
IS probably rapidly fatal there are quite a number 
of unexplained heart failures among pubhshed cases 
(Qegg, 1937, Higbee and Ellis, 1911, and S Paget, 
1884) which It IS temptmg to t hink may have been 
fatal Stokes-Adams attacks With increasing m- 
terest m the causes of death m old people more cases 
may well come to hght 

Summary 

Two cases of osteitis deformans are reported in 


which calcification of the membranous mter- 
ventncular septum caused complete heart block 

A survey of published papers has revealed only two 
similar cases but there are reasons for suggesting 
that this complication may be more frequent than 
this indicates 

In 30 published and 1 1 further personal cases of 
Paget’s disease, calcification m the heart was found 
to be significantly commoner than m a control 
senes 


Our thanks are due to Professor J McMichael and 
Dr Paul Wood for much help with the clinical aspects 
of these cases, and to Mr J R Baker and Mr J Gnffin 
for the sections and Mr E V WiUmott for the photo- 
graphs used m illustration 
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In electrocardiograms of complete A-V block, 
the \entncular complexes may be of normal supra- 
\entricular type, of tvpical bundle branch block 
(.B B block) type or may exhibit lesser degrees of 
widening and notching of QRS and T wave changes 
The association of B B block with complete A-V 
block IS recognized as common Campbell (1944) 
found BB block in 19 of 64 cases of complete 
block Similar findings have been recorded by 
White and Viko (1923) who found evidence of 
intraventricular block m 15 out of 27 cases of 
complete heart block, and by Fatzer (1946) who 
described intraventricular block in 60 per cent of 
cases, Mouquin and Macrez (1947) in a series of 
124 cases of complete heart block, found normal 
ventncular complexes m only 25 instances Gray- 
biel and Sprague (1933) record 17 cases of complete 
A-V block in 395 cases of B B block and Freund 
and Sokolov (1939) found complete A-V block m 
5 per cent of 210 cases of B B block It is also 
recognized that the form of QRS during complete 
A-V block may differ from that recorded during 
sinus rhythm in the same case 


For purposes of investigating the form of the 
ventricular complexes, a series of 100 cases of 
complete A-V block has been assembled, comprising 
patients seen at the National Heart Hospital during 
the last few years, and others seen at the Middlesex 
Hospital or in practice by Dr Evan Bedford, at 
whose suggestion this investigation was undertaken 
The cases were unselected and as far as possible 
consecutive from both sources Fifteen patients 
have been under personal observation during the 
past year 

/Etiology 

The tetiology of the heart block in this series of 
100 cases is shown in Table I 
The cases of uneertain setiology included five 
patients with a history of “ heart trouble in 
childhood, SIX with a history of rheumatic fever but 
without clinical evidence of rheumatic valvulitis 
four in whom there was a possible cardiac infarction 
two with a family history of complete heart block 
and two in whom the block followed surgical 
operation 


TABLE I 

/Etiologv and Sex Incidence 



Number 
of cases 

Male 

1 

Female 

Coronary heart disease 
(a) Chronic 

43 

30 

13 

(b) Associated with recent cardiac infarction 

9 

8 

1 

Congenital 

20 

9 

II 

Rheumatic heart disease 

3 

2 

I 

Diphihenc heart disease 

1 2 

I 

1 

Syphilis 

1 

I 



Pneumonia 

' 1 

1 



Associated with neurological disease 

2 

2 



j^tiology uncertain 

19 

7 

12 

Total 

100 

61 

' 39 


* Nuffield Foundation Fellow, National Heart Hospital 
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or 


There were eight cases m which complete A-V 
block was transient In seven of them there was 
associated coronary heart disease, one havmg recent 
cardiac infarction, and the other case was of doubtful 
setiology In only two of these cases was the P-R 
interval prolonged during the phase of sinus rhythm 


a minute The readings recorded m Table H 
are the average pulse rates, but in individual 
patients the rate actually vaned when observed over 
a period , for instance, with an average rate of 
30 beats a mmute, the rates actually recorded vaned 
between 26 and 34 


The Ventricular Complexes 
The ventricular complexes have been classified 
into three groups (1) Supraventncular pattern 
<2) Bundle branch block pattern (3) Varying 
complexes 

(1) Supraventricular Pattern 
Ventncular complexes of normal duration, 0 06- 
0 10 sec , and with normal S-T and T segments, 
mcluding cases m which axis deviation was the only 
abnormahty, occurred m 47 of the 100 cases Of 
these 47 cases, 19 were congenital, 11 had coronary 
heart disease, 4 followed rheumatic fever or 
diphthena, 1 was associated with neurological 
disease, 1 followed pneumoma, and 11 were of 
doubtful aetiology, of this latter group, 5 had a 
previous history of rheumatic fever and 4 gave a 
history of heart trouble m early life Fig 1 shows 
the electrocardiograms of two cases of congenital 
A-V block, with QRS-T complexes of supra- 
ventncular pattern 

In addition, m 6 patients with coronary heart 
disease, the electrocardiograms showed left ven- 
tncular preponderance, with QRS complexes of 
normal duration Four of them had associated 
hypertension with systohc blood pressure greater 
than 200 mm , the blood pressure in the other cases 
bemg 170/90 and 180/70 mm of mercury 
The pulse rate m these cases with normal ven- 
tncular complexes vaned between 25 and 60 a 
mmute As shown in Table n, in most of them 
the rate was relatively high, between 36 and 60 a 
minute, especially m the cases of congemtal heart 
block, whereas m cases with widened ventncular 
complexes the rate was slower, between 26 and 40 



A B 

Fig 1 — Complete A-V block with normal QRS 
complexes 

(A) From a baby six days old, ventncular rate 
75 a mmute 

(B) From a man aged 18 years, ventricular rate 
42 a mmute 

The ventncular complexes of complete heart 
block are usually of supraventncular pattern when 
the pacemaker is situated in the mam bundle and 
the bundle brandies function normally This is 
the rule m congenital heart block, and aU but one 
of the 20 cases m ihis senes classed as congenital 
showed normal QRS complexes, whereas in the 
cases with coronary heart disease normal QRS 
complexes occurred in only one-third 

Supraventncular QRS complexes may also occur 
m complete heart block due to lesions of both 


TABLE n 


Average Pulse Rate 


Pulse rate per minute 

21-25 

26-30 

31-35 

36-40 

41-45 

46-50 

51-55 

56-60 

Congenital 


I 


■1 


A 

6 

2 

Normal complexes 



1 




Widened complexes 



— 






Coronary heart disease (chrome) 

1 




A 

A 

0 

3 

Normal complexes 




9 


0 I 

'1 

Widened complexes 

2 

5 






Total cases 

1 




15 

•a 

9 


7 

Normal complexes 

3 

8 


5 


1 

Widened complexes 

3 1 
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bundle branches (illustrated schematically in Fig 
5A) Wilson and Hermann (1921) found that, m 
experimental section of both bundle branches, the 
ventncular complexes might be of the form indicat- 
ing a nght-sided pacemaker, of the form indicating 
a left-sided pacemaker, or might be of relatively 
normal outline To explain the occurrence of 
relatively normal QRS complexes, they postulated 
the existence of two pacemakers, one in each bundle 
branch, acting synchronously, the summation of a 
leevocardiogram and dextrocardiogram resulting m 
a ventncular complex of normal outline and 
duration In support of this view is the fact that 
cardiograms showing a change in site of the 
pacemaker from one side to the other also show 
transitional forms of QRS complex resembhng the 
normal supraventncular pattern Cases of complete 
heart block in which these changes were demon- 
strated have been reported by Gilchnst and Cohn 
(1928), and by Bam (1941) 

As an alternative explanation, Yater (1936) 
beheves that there is probably a single pacemaker 
m one or the other bundle branch, sending impulses 
ducctly through the mterventncular septum into 
the Purkinje network of the contralateral, as well 
as mto that of the homolateral ventricle 
Mahaim (1931) and Yater (1936) descnbe cases 
of complete A-V block m which detailed histo- 
logical exammation of the conducting system 
showed lesions confined to the bundle branches, 
and a normal appearance of the A-V node and the 
mam bundle Accordmg to Mahaim (1932), the 
two branches of the bundle of His are not isolated 
m their course along the mterventncular septum, 
but are connected by branches as high as the top 
level of the musculature The common trunk of 
the bundle of His is hkewise connected with the 
ventncular myocardium Because of these high 
connections, aunculo-ventncular conduction may 
be normal m spite of destruction of the branches — 
“ bilateral missed block ” 

In mterpretmg electrocardiograms of complete 
A-V block exhibiting QRS complexes of supra- 
ventncular pattern, the following pomts may be 
considered m favour of bilateral B B block as the 
underlymg mechamsm (a) heart disease of coronary 
ffihology, (b) a relatively slow inherent rate of the 
pacemaker, (c) the association of supraventncular 
QRS complexes with those of widened type, or the 
occurrence of penods of smus rhythm with B B 
block, especially when the ventncular complexes 
alternate between right and left branch block 
In two cases of this group widened QRS com- 
plexes changed to QRS of normal duration, without 
any alteration m the pulse rate, which was slow, 
namely 30 to 36 a mmute m both cases (Fig 2) 



A B 

Fig 2 — Complete A-V block with vanation m QRS 
complexes in a man aged 51 

(A) On 24/8/42 shows QRS complexes of normal 
duration, rate 36 a minute 

(B) On 27/8/42 shows widened QRS complexes, 
rate 34 a minute 

In another case with widened QRS complexes, the 
pulse rate was 28 a mmute, but increased to 40 
a minute when the QRS complexes became normal 
m duration 

(2) Ventricular Complexes of Bundle 
Branch Block Pattern 

The B B block pattern of ventncular complex is 
characterized by axis deviation, widenmg of the 
QRS, and T waves directed oppositely to the mam 
deflection of QRS Wfison et al (1944) consider 
that when QRS has a duration of 0 12 sec or 
more and, in lead I, is monophasic and consists of 
a broad, slurred, flat-topped or bifid R deflection, 
the prsecordial curves almost always show left B B 
block But when QRS is sunilarly widened and, 
m lead I, is biphasic or tnphasic and tends to a 
broad slurred or notched S defleption, the praecordial 
curves are mainly charactenstic of right B B block 
The occasional exceptions to this general rule may 
be due to (a) a vertical position of heart, when 
limb leads suggest nght B B block and pnecordial 
leads left B B block, and vice versa, (b) arborization 
block, most often seen with extensive myocardial 
infarction, and due to general depression of con- 
ductivity of Purkmje tissue or to local lesions 
mvolvmg the subendocardial Purkmje network over 
a considerable area In some cases there is no 
obvious relation between the form of QRS m 
praecordial leads and that m limb leads, m these 
the position of the heart must be classed as 
mdetermmate 

In the present senes, 47 per cent of cases showed 
widened ventncular complexes, with a QRS mterval 
of 0 12 seconds or more, m the presence of complete 
heart block (see Table HI) In the earher cases, 
praecordial leads were not available to confirm the 
type of B B block 

(a) In 29 cases the ventncular complexes were of 
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Fig 3 — Complete A-V block with widened QRS 
complexes 

(A) QRS complexes 0 14 sec duration and of 
nght B B block pattern (Wilson type) 

(B) QRS complexes 0 14 sec duration and of 
right B B block pattern 


right B B block type, 23 being of the Wilson or S 
type, and 6 of the uncommon type (Fig 3) Of 
these, 20 had coronary heart disease, 5 had associated 
cardiac infarction, 1 was in association with neuro- 
logical disease, and 3 were of doubtful tetiology 


TABLE III 

The Tvpe of Ventricular Complex in Cases 
WITH Widened QRS 

Right bundle branch block (a) S type 23 

(b) Uncommon type 6 
Left bundle branch block Common type 6 

Concordant pattern 2 

Both nght and left bundle branch block 4 

Varying complexes 6 

Total 47 


(b) Jn 6 cases the ventricular complexes were of 
left B B block type Of these, 3 had coronary 
heart disease, 1 had congenital heart block, 1 was 
associated with rheumatic aortic and mitral valvular 
disease as confirmed by necropsy, and 1 was of 
doubtful lEtiology 

(c) In 2 c^ses the ventricular complexes were of 
the concordant type, one of the common and one 
of the uncommon type No pnecordial leads had 



Fig 4 — Complete A-V block with variation of QRS 
complexes in a man aged 71 

(A) On 27/7/42 the complexes were of left B B 
block pattern 

(B) On 3/9/42 they were of concordant right B B 
block pattern 

been recorded, so that further elucidation of the 
block was impossible 

(d) In 4 cases, observed for periods of 1-5 years 
the site of the pacemaker varied between left and 
right ventricle Of these, one had coronary heart 
disease and the others were of uncertain tetiology 
An example of the cardiograms in this group is 
given in Fig 4, which shows (a) QRS complexes 
of left B B block pattern, rate 34 a minute, and 
(b), four weeks later, QRS complexes of concordant 
nght B B block pattern rate 25 a minute 

(e) Finally, in 6 cases, the widened ventricular 
complexes assumed varying patterns in the same 
tracings 

The Relation of Bundle Branch Block to 
Complete A-V Block 

The ongina! interpretaUon of the B B block 
pattern of QRS, based on experiments in dogs, has 
m recent years been reversed, largely by the work 
of Wilson and his associates Histological in- 
vestigation of the bundle system in diseased hearts 
has failed to supply convincing proof of cither the 
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Fig 5 — Diagram of bundle showing location of ventricular pacemaker (P) site of lesion (shaded zone), 
and ventricular complexes of electrocardiogram R B B right bundle branch L B B left 
bundle branch . „ ^ 

(A) Production of QRS complexes of normal duration P 1 and P 2 are simultaneous pace- 
makers m right and left ventricle 

(B) and (C) Production of widened ventricular complexes 

(D) (I) Smus rhythm, ventncular pacemaker in A-V node, lesion involves the left branch of 
bundle, cardiogram shows left B B block complex 

(II) Complete A-V block, ventricular pacemaker in left branch distal to lesion, now involving 
also mam stem of bundle, cardiogram shows right B B block complex 
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Fio 6 — Alteration of QRS complexes with change m 
rhythm 

(A) On J 0/1/45, sinus rhythm, rate 50 a minute, 
P-R mterval normal, and QRS complexes of left 
B B block pattern 

(B) On 7/8/47, complete A-V block, rate 30 a 
minute, and QRS complexes of nght B B block 

This patient, a woman aged 32, died suddenly on 
22/8/47 

old or the new view Master et al (1940) believe 
that the B B block curve is more often due to 
diffuse myocardial damage associated with great 
enlargement of the corresponding ventncle than to a 
locahzed lesion of a bundle branch, and Rasmussen 
and Thingstead (1939) have supported a similar 
view 

When a lesion of the ventricular septum involves 
the mam stem of the bundle it is likely to extend 
to the bundle branches and, therefore, we should 
expect to find complete A-V block sometimes 
associated with B B block m the cardiogram In 
fact, QRS of B B block pattern occurred m 47 
per cent of the present cases of complete block 
We may consider this assoaation m relation to 
the pathogenesis of the B B block cardiogram It 
IS usually assumed that ventncular complexes of, 
say nght B B block pattern indicate defective 
conduction in the nght branch of the bundle, but 
an alternative explanation is to assume that the 


ventncular pacemaker is located m the left branch 
of the bundle This is illustrated schematically 
m Fig 5 (B and Q 

Vanations m the form of QRS may accompany 
the change from smus rhythm to complete heart 
block, or vice versa, and these are of particular 
interest in regard to locating the ventncular pace- 
maker and to fixing the site of the bundle lesion 
In 6 cases where records of both sinus rhythm and of 
complete A-V block were obtamed, significant 
changes in the form of QRS occurred In five of 
them, complete A-V block was combmed with QRS 
of nght B B block pattern, and sinus rhythm with 
a QRS of left B B block pattern (see Fig 6) This 
may be explained by supposmg that there is a lesion 
of the left branch and that dunng smus rhythm the 
nght branch only conducts When the lesion extends 
from the left branch to the main stem of the bundle, 
causmg complete A-V block, the ventricular pace- 
maker shifts to the left branch distal to the site of 
the lesion, thus producing nght B B block pattern 
in the cardiogram This hypothesis is illustrated 
schematically in Fig 5 (D) Fig 7 shows the 
cardiograms of a man aged 54, dunng sinus 




Fig 7 — (A) Electrocardiogram on 5/10/43, shows in 
lead r, and latter part of leads II and III, smi^ 
rhythm, rate 48 a minute, and nomal P-R 
interval, the QRS complexes are of the Wilson 
type of B B block In the first half of leads II 
and III there is complete A-V block, rate 34 a 
minute, QRS complexes being of left B B block 

14/10/43, shows complete A-V block, 
wth QRS complexes of left BB pattern 
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ANTERIOR 

DIVISION jf^oRcH <*-7 

Fig 8 — Schematic illustration of the blood supply of 
the junctional tissues The area supplied by the 
postenor perforating branches is shown m black, 
and the shaded area represents the area supplied 
by the antenor branches 

rhythm the QRS complexes are of right B B block 
pattern and dunng complete A-V block, of left B B 
block pattern A 

The Blood Supply to the Bundle 
Gross (1921) describes the blood supply to the 
A-V node and the mam bundle as being mainly 
from a special artery, the ramus septi fibrosi arising 
from the posterior interventricular artery, which is 
a branch of the right coronary artery in 90 per 
cent of hearts, the posterior division of the left 
bundle branch is also supplied from the same 
source The right bundle branch and the anterior 
division of the left bundle branch arc supplied 
mainly by anterior perforating septal branches of B 
the antenor mterventncular artery, a branch of the 
left coronary artery, the terminal part the right 
bundle branch may receive some supply from the 
posterior perforating arteries The blood supply 
of the junctional tissues is illustrated schematic- 
ally m Fig 8 In normal hearts, the anastomoses 
between the anterior and posterior perforating 
septal arteries are very fine, but with the slow 
obliteration of these arteries by coronary vascular 
disease, the anastomoses undoubtedly become more 
effective Blumgart e( a! (1940) consider that, ir- 
respective of age, anastomoses measuring 40 micra 
or more m diameter between the right and left 
coronary arteries rarely exist in the absence of 
partial or complete arterial occlusion Permanent 
complete A-V block is usually associated with 


slow and progressive diminution of the blood 
supply of the posterror portion of the heart, which 
is through the postenor perforating septal arteries, 
and It has been shown that these vessels, besides 
supplying the mam bundle, also supply the posterior 
division of the left bundle branch The common 
occurrence of QRS of right B B block pattern in 
complete heart block has been noted, in 5 such cases 
there were intervals of sinus rhythm with left B B 
block It IS postulated that, with gradual diminu- 
tion of blood supply, there is functional block of 
part of the left bundle branch and eventually of the 
mam bundle and that, with the occurrence of 
complete A-V block, the new pacemaker is situated 
in the area of irritable tissue below the block, giving 
rise to a right B B block pattern of ventricular 
complex 

V,\^RYiNG Ventricular Complexes 
The appearance of varying ventricular complexes 
m complete heart block may be associated with 



Fio 9 Complete A-V block with varying ventricular 
complexes in the same tracing 
(A) On 19/1/44, shows widened QRS complexes 
varying in shape in lead I, and multiple extra- 
systoles producing coupling 

u ^ showing QRS complexes of right 

B B block pattern Coupling due to extrasystoles 
still persists 

This patient, a woman aged 47, was seen again 
in July 1947, the astiology of the heart block was 
unknown 
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(a) changing site of the pacemaker, (b) the con- 
duction of occasional auricular impulses, or(c) the 
occurrence of ventricular extrasystoles 

(a) Changing site of the pacemaker There were 
SIX cases m which the ventricular complexes varied 
m the same tracing (see Fig 9) indicating either a 
changing site of the pacemaker, or a varying path of 
the impulses In only one of them were transitional 
complexes between the dextro- and Isvo-cardiogram 
types detected Five of the cases had coronary 
heart disease, and the other was of uncertain 
aetiology As already described under group 2, 
there were also 4 cases in which, during observation 
over a period, the complexes varied between left 
B B block and right B B block pattern (see Fig 4) 

(b) The conduction of auricular impulses was 
clearly responsible for variation m the ventricular 
complexes in records of only three cases (Fig 7) 
In one, each of the left B B block complexes was 
closely related to a P wave, although the P-R 
interval was variable, i e 0 24 to 0 36 seconds 
(Fig JO) 



Fig 10 — Variation in the QRS complexes due to con- 
ducted auricular impulses in which the P-R interval 
varies 


(c) Ventriculai extrasystoles were recorded in 
20 cases, originating in the right ventricle in 7, 
in the left in 8, and from both ventricles in 5 cases 
When ventricular extrasystoles occur in association 
with widened ventricular complexes the site of 
origin of the extrasystoles is usually in the same 
ventricle as the pacemaker Thus there were 6 
cases with a left-sided pacemaker and extrasystoles, 
and in 5 of them the extrasystoles arose in the left 
ventricle (Fig JJ) Jn one case with a right-sided 









as 

■ill K 

ifliiH 

mwm 

|lllfiiisp 

BriSi 

amiWmi 

Bini 

gjjggij 


Fig n — Complete A-V block with ventricular extra- 
systoles resembling the mam complexes 


pacemaker extrasystoles arose in both ventricles 
Coupling due to ventricular extrasystoles was 
recorded in 6 cases of which only one was receiving 
digitalis When complexes suggesting both left 
and right-sided pacemakers are seen, it is necessary 
to consider the possibility of intermittent auriculo- 
ventricular conduction, especially if there are no 
transitional complexes In this case, the conducted 
ventricular complex bears a certain relation to the 
P wave although the P-R interval may show some 
variation According to Katz this is a more 
common cause of variation in form of the QRS 
complexes than is the occurrence of extrasystoles 
Fig 12 shows a tracing in which, in lead III, the 



Fig 12 — The second and third complexes in lead Ilf 
of this tracing are ventncular extrasystoles bearing 
no relation to P waves 

second and third xomplexes are definitely extra- 
systolic, as they bear no relation to P waves 

When varying complexes, due to a changing site 
of pacemaker, accompany complete heart block 
the lesions are more likely to be found in the bundle 
branches than in the main bundle according to 
the work of Wilson and Hermann, though destruc- 
tive lesions of the terminal portion of the main 
bundle were found by Don, Grant, and Camp 
(1932) 

As already stated, to explain the appearance ol 
variable complexes, Wilson and Hermann (1921), 
and Gilchrist and Cohn (1928) postulate the 
existence of two pacemakers, with a change in 
leadership from one to the other Yatcr et al 
(1936) while accepting this concept, also consider 
that the site of the pacemaker may change from time 
to time in the same bundle branch and in addition 
that the path of the excitation wave may vary after 
leaving the pacemaker Clinically, bilateral bundle 
branch lesions can only be diagnosed with certainty 
when there are intervals of sinus rhythm with 
alternate right and left B B block complexes 


VENTRICULAR COMPLEXES IN HEART BLOCK 


185 


The /Etiology of Complete Heart Blocr in 

Relation to the Form of the QRS Complexes 

(a) Congenital Heart Block According to Yater 
(1929), complete heart block may be regarded as 
congenital when a slow pulse has been found at an 
early age, and when there is no history of infection 
such as diphtheria, rheumatic fever chorea or 
congenital syphilis A history of syncopal attacks 
early in life, though rare, and the presence of signs 
of congenital heart disease are supporting evidence 
of a congenital letiology 

In 20 cases of this series, heart block was regarded 
as being congenital on the grounds of its recognition 
in childhood or adolescence, of the absence of any 
relevant history of infection, and, in four cases, 
of the presence of signs of congenital heart disease 
In eleven of them, electrocardiograms showed QRS 
complexes of characteristically normal supra- 
\entricular form and of short duration (0 06-0 08 
sec ) without any axis deviation In the four 
cases with associated congenital heart disease, there 
was right axis deviation with QRS complexes of 
normal duration Foui cases showed somewhat 
wider QRS complexes (0 08-0 1 sec ) which were 
slightly notched, and one case showed widened 
QRS complexes (0 12 sec) of left BB block 
pattern Thus in congenital heart block the QRS 
complexes are commonly of supraventricular type, 
and the ventricular rate is relatively rapid between 
40 and 60 a minute Similar findings have been 
reported by Leech (1930) Qn this evidence, we 
may assume that in congenital complete block 
the lesion usually involves the main bundle 

(b) Cardiac Infarction There were nine cases of 
complete A-V block associated with clinical evidence 
of cardiac infarction and six of them showed QRS 
complexes of right BB block type (1) In three 
cases definite cardiographic changes indicative of 
acute infarction were recorded, it was posterior in 
two (see Fig 13) and anterior in the other (2) In 
one case progression from partial to complete A-V 
block was recorded and the T waves in leads II 
and III were observed to become inverted and later 
upright again, the QRS complexes were of normal 
duration (3) In the remaining five cases there was 
a reliable history of cardiac infarction but no definite 
electrocardiographic evidence of it All of them 
exhibited widened ventricular complexes which 
Were of right B B block pattern in four, and of 
concordant uncommon B B block pattern in the 
other 

Whilst heart block is common with gradual 
ischamia of the junctional tissues, it is uncommon 
'n cardiac infarction in which it is more often 
temporary, lasting hours or days, than permanent 
Levine found only two cases of complete block m a 



Fig 13 — Complete A-V block, rate 37 a minute, 
associated with recent posterior cardiac infarction 
m a man aged 65, who suddenly collapsed with 
pnecordial pam and dyspneea The electrocardio- 
gram was recorded several hours later (Time 
marker 0 05 sec ) 

senes of 145 cases of cardiac infarction with autopsy 
control, Schwartz (1936) described 15 cases, and 
Cookson (1942) described 5 cases m a review of 
200 cases of cardiac infarction Complete heart 
block is usually associated with posterior infarction 
involving the septum when, as shown m this series, 
It IS often associated with QRS complexes of right 
B B block pattern Antero-septal infarcts are 
rarely associated with complete heart block unless 
the infarct extends to the upper part of the septum 
In the presence of bundle branch lesions, the 
electrocardiographic changes of cardiac infarction 
may be obscured, especially in the case pf left B B 
block Wilson et al (1944) have found that right 
B B block does not obscure the changes charac- 
teristic of posterior infarction in the limb leads, 
though it may cause inversion of the T waves in 
right-sided prsecordial leads and occasionally m 
lead III (Wolferth and Levezey, 1947) The 
cardiogram m Fig 14, from a patient giving 
a history of cardiac infarction, shows complete 
A-V block with QRS complexes of nght B B block 
pattern and sharply inverted T waves in leads 
CR 3 and CR 4, suggesting anterior septal damage 

The Prognostic Significance of the QRS 
Pattern 

In cases of complete A-V block exhibiting normal 
QRS complexes in which the lesion is located high 
up m the bundle stem and is often congenital in 
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Fig 14 — Complete A-V block, rate 25 -a minute, in a 
man aged 43, with a history of cardiac infarction 
TTie limb leads show QRS of nght B B block pattern , 
leads CR3 and CR4 show sharp deeply inverted 
T waves, suggesting antenor septal damage 

ongin, the heart rate is faster and the liability to 
Adams-Stokes attacks is far less than in cases 
exhibiting widened QRS complexes, in which the 
lesion involves the bundle branches, often due to 
coronary disease, and the heart rate is slower 
Thus m my 53 cases with normal QRS complexes, 
only 20 (38 per cent) were recorded as having 
Adams-Stokes attacks compared with 31 (66 per 
cent) of the 47 cases \vith widened QRS complexes 
Katz considers that the expectation of life is 


seldom longer than a year or two in complete block 
with widened QRS complexes Three of my 
cases of this type died suddenly before the age of 40, 
though four others had been under observation for 
a period of five years In general terms, however, 
the prognosis m complete A-V block may be 
assessed on the basis of the underlying heart disease, 
being relatively good when the Eetiology is congenital 
and more serious when it is coronary 


Summary 


A senes of 100 cases of complete heart block has 
been investigated with special regard to the form 
of the ventncular complexes exhibited m electro- 
cardiograms The most frequent letiological cause 
of complete heart block was coronary heart disease 
which occurred m 52 cases, and next a congenital 
ongm which was probable m 20 cases 

The ventncular complexes found in complete 
heart block may be classified as follows — i 

(1) Supraventricular pattern (a) due to block m 
the mam bundle stem, (b) occasionally due to 
bilateral bundle branch block 

(2) Bundle branch block pattern (a) due to block 
in a bundle branch, (b) due to block m the mam 
stem associated with bundle branch block 

(3) Varying pattern (a) due to shifting pace- 
maker, (b) due to conducted auncular beats, 
(c) due to extrasystoles 

In coronary heart disease, complete heart block 
IS usually associated with obstruction of the posterior 
blood supply, and occurs more often with posterior 
than with antenor cardiac infarction The fre- 
quency of associated nght B B block m coronary 
disease can be explained m terms of the blood supply 
to the conducting system In congenital complete 
heart block, the QRS complexes were of supra- 
ventricular pattern m 19 out of 20 cases 

In complete block exhibitmg QRS complexes 
of B B block pattern, the pacemaker is situated 
lower m the bundle, its inherent rate is slower, 
Adams-Stokes attacks occur more often, and the 
expectation of life is less than m cases of complete 
block exhibiting normal ventncular complexes 


I have to thank members of the staff of the Nat'on^l 
eart Hospital for permission to publish records of their 
^ and V Evan Bedford for putting at my disposal 
wc c(»en at the Middlesex Hospital and in practice 
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King in 1940, in this journal, described appear- 
ances that he believed to be those of myocardial 
regeneration in a case where death had occurred 
four days after a stab wound of the chest A review 
of the literature, however, shows the opinion most 
generally held is that hyperplasia of cardiac muscle 
does not occur Another consideration prompted 
the present study Le Gros Clark (1946) showed 
that considerable regeneration of skeletal muscle 
took place in the rabbit following experimental 
injury It therefore seemed desirable that the 
regenerative power of the rabbit myocardium 
should be studied 

Methods and Results 

It IS very difficult to produce by crushing com- 
parable lesions in rapidly beating hearts, and as 
burning had been employed successfully by Thomas 
and Harrison (1944) for functional recovery tests 
in rats, it was decided to use this type of lesion 
In adult rabbits the heart was exposed under 
antesthesia, with full aseptic precautions, and a 
severe bum made in the lower third of the left 
ventncle by the application of the head of a nail, 
5 mm in diameter, heated to a dull redness The 
chest wound was closed and the animals allowed to 
survive for penods ranging from 3 days to 3 months 
The hearts were then examined microscopically 
The appearances in the injured area were at first 
simply those of severe inflammatory reaction with 
destruction of tissue Later a progressive organiza- 
tion into scar tissue occurred, but there was no 
evidence of regeneration of cardiac muscle 

At first the site of injury showed as a deep crater 
(Fig 2) filled with fibnn clot and necrotic tissue to 
which pencardial adhesions had become attached 
Surrounding this \vas an area containing damaged 
muscle fibres inwsted by macrophages of different 
kinds Amongst these cells monocytes were pro- 
,minent (Fig 4), a point which has been noted by 


pathologists m acute muscle infections generally 
The damaged muscle fibres showed fragmentation 
(Fig 5), the hnes of cleavage seeming to be at the 
intercalated discs, and their transverse striations and 
nuclei stained less strongly Very early on there 
were great numbers of fibroblasts to be seen within 
the injured area which was soon invaded by capil- 
laries from the neighbouring healthy tissue (Fig 1) 
After a month there was a clear line of demarcation 
between undamaged muscle and scar tissue (Fig 3) 
although here and there fragments of muscle with 
attendant phagocytes could still be seen At no 
stage was sprouting of myoblasts detected nor 
were mitotic figures found, although it must be 
admitted that Le Gros Chrk (1946) found nuclear 
division took place as a general rule by amitosis 
in regenerating skeletal muscle The longitudinal 
splitting of fibres desenbed by King (1940) was not 
observed 

Discussion 

Compared with skeletal muscle cardiac muscle is 
much less easy to trace in senal sections, but even 
so It is felt that no signs of regeneration were missed 
The explanation of the difference in regenerative 
capacity of the two classes of muscle, as shown in 
the rabbit, may be histological, or it way be that in 
the heart rest cannot be enjoyed by the damaged 
fibres Distinguishing features of cardiac muscle 
are the ill-defined or absent sarcolcmma, centrally 
placed nuclei, branching fibres, well marked longi- 
tudinal striation, granular sarcoplasm which some- 
what masks the transverse slnations, and the 
presence of intercalated discs It is usually stated 
that there is continuity of myofibrils through the 
discs Fig 6 shows this, but I am not satisfied 
that such continuity exists through all discs and it 
may be that the discs, whatever their physiological 
significance may be, act as an impediment to 
regeneration It might be argued that burning is 
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Fig I — Section 1 2 3 of rabbit heart (R 7) three days 
after operation Healthy fibres above and to left 
Numerous fibroblasts are shown within the damaged 
area which is becoming revasculanzed Magm- 
fication X 500 

Fig 2. — Section 32 2 3 of rabbit heart (R 4) seven days 
after opieration A general view of the crater 
produced by the bum is shown Magnification 
X7 

Fig 3 — Section 3 2 2 of rabbit heart (R 10) one month 
after operation Healthy tissue to left, scar tissue 
to right The line of demarcation is sharp 
Magmfication x 650 


Fig 4 — Section 32 2 3 of rabbit heart (R 4) seven days 
after operation Damaged myocardial fibres are 
shown surrounded by great numbers of phagocytes 
A large monocyte is especially pronounced Magni- 
fication X 530 

Fig 5 — Section 1 2 3 of rabbit heart (R 7) three days 
after operation To show fragmentation of the 
muscle fibres Magnification x 650 

Fig 6 — SecUon of undamaged rabbit heart muscle 
To show conUnuity of myofibnls through an inter- 
calated disc Magmfication xl375 
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too severe a lesion for a fair assessment of results, 
but Hamson (1947) who carried out similar experi- 
ments also showed that skeletal muscle in rabbits 
did regenerate after burning by diathermy 

Summary 

Following experimental injuiy of the rabbit heart 


by burning there is no evidence of regeneration of 
cardiac muscle 

To Professor C M West, University College, Cardiff, 
m whose department this work was started, and to 
Professor John Kirk, my present chief, I wish to express 
my graUtude for much helpful advice The photo- 
micrographs are the work of Mr S R Scarfe 
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Bilaterally symmetncal incipient gangrene of 
all the bodhy extremities is sufficiently rare to 
ment the report of the foUowmg case 

Case Report 

Mrs H , a housewife, aged 47 years, was 
admitted to hospital m January 1947 She had 
been married 27 years, and had two healthy 
adult sons Three days previously she was 
suddenly taken ill with diarrhoea and sickness, 
accompamed by famtness and a “fluttenng 
feelmg around the heart ” Her doctor recom- 
mended her admission to hospital because her 
pulse was extremely rapid, and because her 
general condition detenorated swiftly Her 
history revealed two similar attacks, the last six 
weeks previously This began with temporary 
loss of consciousness and lasted about two 
days, and on the second day she noticed that 
her hands and feet were very cold However, 
she soon made an uneventful recovery For 
the last year she had been conscious of a flutter- 
ing m the chest on exertion, which had lately 
been lasting longer and had been more easily 
provoked 

On admission, she was obviously a very ill 
woman The hands, feet, nose and ears were 
veiy cold, extremely cyanosed, painful, but 
anffisthetic to hght touch The skin of the ex- 
tremities did not blanch on pressure The 
radial, ulnar, and dorsalis pedis pulses were 
imperceptible The brachial and pophteal 
pulses were palpable The systohc blood 
pressure was 65 mm m the arms, and 85 mm 
in the legs, the diastohc was unobtainable 
The pulse rate was extremely rapid Chnically, 
the heart was enlarged to nght and left, but 
the hmits were difficult to define An apical 
thnll and murmur were noted, but they could 
not be timed owmg to the tachycardia The 
neck veins were markedly distended and 



Ro ] — ^Ventncular tachycardia, rate 230 a mmute 



Flo 2 —Normal rhythm, rate 97, P-R mterval 0-16 sec , 
S-T segment depressed 



Fro 3 — ^Ventncular asystole, ventncular rate 90 
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quivering, being engorged up to the ears, whilst the 
arm veins were so empty of blood that they could 
not be seen at all The hver was just palpable, 
ascites and pitting oedema were absent, but there 
were a few moist sounds at the lung bases Through- 
out all this time the patient remained co-operative, 
calm, alert, and in full possession of her mental 
faculties 

A portable chest X-ray provided no useful in- 
formation An electrocardiogram showed a regu- 
lar paroxysmal ventncular tachycardia at a rate of 
230 a minute (Fig 1) 

Thus the clinical picture was that of extreme 
circulatory failure of which the immediate precipi- 
tating cause was the tachycardia It was imperative 
to slow the heart rate and to raise the blood pressure 
as soon as possible, and quinidme was given intra- 
venously for this purpose After a test dose of 
3 grains had excluded idiosyncrasy to the drug, a 


solution containing one gram of quinidine sulphate 
in 100 ml of glucose saline was administered by 
slow intravenous drip Half an hour later, when 
the patient had received approximately 60 ml of the 
solution (0 6 g quinidme), she suddenly became 
distressed and lost consciousness The drip was 
discontinued and a further electrocardiogram was 
taken (Fig 2) This was thought to show regular 
rhythm at a rate of 97 a minute, the QRS com- 
plexes were less widened A period of ventncular 
asystole then ensued, with an auricular rate of 
90 a minute (Fig 3) This was followed by 
cardiac standstill and death four hours after her 
admission 

Post-mortem exammation The cardiovascular 
system alone showed relevant pathological changes 
TTiere was extensive syphilitic aortitis, with 
aneurysmal dilatation of the ascending part and 
arch of the aorta The coronary arteries were 



Fig 4-Draw,ngorheartn,thnghtventncuIar^v.ly^ tAJ 
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Fig 5 — Gumma of myocardium Magnification x 125 


healthy and showed no sign of narrowing of their 
orifices The left auricle and ventricle appeared 
normal, but the muscle of the nght ventncle and 
also the interventricular septum showed diffuse 
fibrotic infiltration There were, in addition, 
numerous large, discrete, granulomatous lesions 
distnbuted over the internal surface of the right 
ventncle, one particular mass lying under the tri- 
cuspid valve measured three-quarters of an mch m 
diameter The pulmonary artery was similarly 
affected (Fig 4) The arteries to the upper and 
lower extremities showed no abnormality through- 
out their lengths Section and microscopic examma- 
tion revealed that both the diffuse mfiltration and 
the granulomatous masses were syphilitic in nature 
(Fig 5 and 6) 


and White, 1943), but longer attacks, lasting 
1 to 3 weeks have been recorded (Dubbs and 
Parmet, 1942, Beers and de la Chapelle, 1947) 
In the present case, the paroxysm lasted just 
over three days 

Symmetncal penpheral gangrene is mentioned 
by Fishberg (1944) as occurring in occlusion 
of the mitral valve by a ball thrombus, and 
in massive cardiac infarction I can find no 
other references concerning its occurrence in 
cardiac infarction, but Abramson (1924) re- 
corded It m a review of ball thrombi of the 
heart He stated that severe disturbances of 
, the general circulation were the rule, and that 
gangrene of the extremities sometimes occurred, 
which he thought was usually due to penpheral 
artenal emboli Tight or button-hole stenosis 
of the mitral valve frequently gives nse to in- 
tense cyanosis, and coldness of the extremities, 
but not to gangrene 

Fishberg (1938) noted the co-existence of “ col- 
lapsed ” veins in the extremities with engorged 
jugular vems, in extreme failure of the right heart 
This he attnbuted to compensatory vaso-constnction 
in the extremities evoked reflexly by extreme diminu- 
tion in cardiac output In this connection he ob- 
served symmetncal penpheral incipient gangrene 
on two occasions 

Bruce Perry and Davie (1939) reported bilateral 
symmetncal peripheral incipient gangrene in the 
lower limbs m a case of hypertensive heart disease, 
terminating m congestive failure, and agreed with 
Fishberg that excessive penpheral vasoconstriction 
was responsible Oiatterjee (1940) noted penpheral 
symmetncal incipient gangrene during the course of 


Discussion 

The case presents several points of interest 
Gumma of the heart is comparatively rare In 
fourteen years of extensive study of syphilitic 
cardiovascular disease Maynard (1943) stated 
that this lesion had been encountered only 
once at necropsy When present, gummata 
usually occur m the left ventncular myocardium 
and particularly in the basal portion of the 
septum (Sohval, 1935) Sohval also states that 
diffuse gummatous myocarditis is extremely 
rare by itself, being usually associated with 
gumma of the heart, as it was in this case 
Syphilis of the pulmonary artery is also rare, 
though m a review of cases showing aneurysm 
of the pulmonary artery, Boyd (1941) stated 
that syphihs was the jetiological factor m thirty- 
three cases (31 per cent) 

A paroxysm of ventncular tachycardia 
usually lasts no more than an hour (Cooke 



Fig 6 —Obliterating cndartentis of myocardial vessel 
Magnification x 125 
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lobar pneumonia, and concluded that it was due to 
acute circulatory failure, probably reflex in ongin 
In the present case, neither arterial emboli, nor 
luetic arteritis played any local part m the genesis 
the gangrene It seems certain, therefore, that 
reflex peripheral vasospasm as indicated by Fish- 
berg, was responsible, and that this was evoked by 
a critically low cardiac output, due to persistent 
ventricular tachycardia 

Summary and Conclusions 
A case of incipient symmetrical peripheral gan- 
grene IS described, associated with extreme heart 
failure due to persistent ventricular tachycardia 


Necropsy revealed the presence of discrete gummata 
of the heart and pulmonary artery, and diffuse 
gummatous infiltration of the right ventricle and 
inteiA'entricular septum Similar cases are briefly 
reviewed, and it is concluded that the incipient 
gangrene was due to compensatory peripheral vaso- 
constriction 

1 wish to thank Dr J H Gubbin and Dr R G M 
Longridge for permission to publish this case, and Dr 
G W D Henderson who pertoimed the autopsy 1 am 
indebted to Dr J W Shackle for the photomicrographs 
and to Miss Barclay-Smith for the drawing of the heart 
I have to thank Dr Paul Wood for much helpful cnticism 
in the preparation of this report 
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The incidence of tuberculous pericarditis in this 
country seems to have been underestimated in the 
past The role of tuberculosis as one of the 
setiological factors in chronic constnctive peri- 
carditis is being increasingly recognized (White, 
1935, Sellers, 1946), yet relatively few studies of 
the onset or acute stage of the disease have been 
published, and the majority of these hail from over- 
seas 

Incidence of Tuberculous Pericarditis 
Osier (1893) analysed 1000 autopsies, of which 215 
were cases of tuberculosis and 7 had tuberculous 
pencarditis, giving an incidence of 0 7 per cent in 
the USA Norriss (1911), also in the USA, 
found 1780 cases of tuberculosis in 7219 consecutive 
autopsies, 82 of the tuberculous cases had pen- 
carditis, an mcidence of 1 1 per cent As compared 
with these figures Suzman found an incidence of 
0 4 per cent m autopsy records at Guy’s hospital, 
1500 autopsies yielded 102 cases of tuberculosis, of 
whom 6 had pericarditis Amencan wnters agree 
in stating that the condition is mor? frequent m 
coloured patients than in whites, this, no doubt, has 
helped to enhance the impression that it is “ rare in 
Europeans” (White, 1935) High susceptibility 
appears to extend also to coloured African races, 
for Heimann and Bmder (1940) succeeded m 
collectmg 31 examples in Bantu natives in Johannes- 
burg 

Ellman (1945) pubhshed a senes of 6 cases and 
suggested that the disease is less mfrequent m this 
country than had hitherto been supposed Autopsy 
statistics may be misleading because tuberculous 
pencarditis sometimes undergoes complete resolu- 
tion (Ellman, 1945, also Cases 3 and 6 of present 
senes) or because the tuberculous nature of a 
chronic pericarditis is not always recognizable 
histologically on examination of excised pencardium 


or autopsy material White (1935) had a case in 
which pencardium excised at operation showed non- 
specific fibrosis, the patient died shortly after the 
operation, and at autopsy tubercles were found in 
the remainder of the pericardium Dr T Semple 
(personal commumcation) had a patient with 
constnctive pencarditis whose excised pencardium 
was reported histologically as showing non-specific 
fibrous thickening, four months after the operation 
the patient developed tuberculosis of an elbow joint 
It IS certain, therefore, that in addition to the 
recognized cases of constnctive pericarditis, others 
are tuberculous in origin despite a non-specific histo- 
logical picture Furthermore failure to find tubercle 
bacilli in a pencardial effusion should not be 
allowed to cast doubt on a diagnosis of tuberculous 
pencarditis if there is other evidence, chnical or 
radiological, pointing to a tuberculous aetiology, 
Fine and Katz (1944) report an instance of primary 
tuberculosis of the pericardium in which the pen- 
cardial fluid was negative on guinea-pig inoculation, 
nevertheless the patient died a month later from 
miliary tuberculosis with meningitis, and tuberculous 
pencardial thickening was found at autopsy 

Excluding 3 seen in consultation on a smgle 
occasion, 8 cases of tuberculous pericarditis have 
been under my personal observation dunng the past 
13 years, 7 were males, 3 were m hospital dunng 
the single year 1947 The mcidence would there- 
fore seem to be considerably greater in this country 
than has previously been suspected The youngest 
was an mfant of 18 months, three were boys aged 
11, 14, and 15, three were men aged 23, 27, and 43, 
and the woman was aged 20 All wnters agree that 
the mcidence is considerably greater m males than m 
females Harvey and Whitehill (1937) found 90 
per cent males m a senes of 95 cases adrnitted to the 
Johns Hopkins Hospital dunng a period of 45 years 
Their maximum age mcidence was between 20 and 30 


* This article includes material used m communicaUons to the British Cardiac Society May 1948 and the 
111 Inter-Amcncan Cardiological Congress, June 1948 ’ ’ 
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(25 per cent of cases), but every decade m life was 
represented and several patients were over 50 

Stage at which Pericarditis Develops 
Paget (quoted by Ellman, 1945) has stated that 
most cases anse in the stage of early dissemination 
following the pnmary mfection Harvey and 
Whitehill’s findings (1937) are consistent with this 
view, of their 37 bactenologically proved cases, only 
one had previous hremoptysis "nie present senes 
amply bears out Paget’s suggestion Two patients 
(Cases 1 (Fig 1-3) and 2 (Fig 4-6) ) developed 
pencarditis in the presence of an active pnmary 
Ghon lesion with hilar gland involvement, one of 
them had early secondary infiltration as well Two 
(Cases 3 (Fig 7-9) and 7) had pericarditis accom- 
panying an apparently pnmary tuberculous pleurisy 
Three (Cases 4, 6, and 8) occurred in the absence of 
any demonstrable lung or pleural lesion In Case 4 
the ffitiology was obscure at the onset of his acute 
attack, but a pleural effusion appeared after a 
month, pencardial constriction followed and the 
tuberculous astiology was proved by histological 
exairunation of excised pericardium nine months 
later Case 6 was never proved tuberculous beyond 
doubt, but his initial pencarditis was followed by a 
nght-sided pleural effusion after five months, and by 
a left-sided pleural effusion with recrudescent 
pencarditis four months later Case 8 is recent, 
suspected though as yet unproved, and stilt under 
observation Only once (Case 5) did pericarditis 
complicate pulmonary disease of longer standing, 
this was a male, aged 43, with an old calcified lesion 


at his nght apex he developed a pleural effusion 
with tubercle bacilli in the fluid and in his sputum, 
though X-ray failed to reveal signs of activity of his 
pulmonary lesion, four months later, when he was 
regarded as convalescent and due for discharge 
from hospital, a pericardial effusion suddenly deve- 
loped, the pencardial fluid contained tubercle 
bacilli 

Mode of Infection of Pericardium 
Riesman (1901) classified tuberculous pericarditis 
into four groups (I) with generalized miliary 
tuberculosis, (2) with serous membrane tubercu- 
losis, (3) by extension from neighbourmg foci 
(regarded by him as the commonest) and (4) 
primary Most wnters question the existence of 
anatomically primary tuberculosis of the pen- 
cardium Clinically primary pencardial tuber- 
culosis has been regarded as uncommon in the past, 
Clarke (1929) stated that careful search revealed only 
1 1 such reported cases m which the diagnosis could 
not be questioned, Fine and Katz (1944) found only 
one case reported in children under 15 (by Blatt 
and Greengard, 1928), they add one of their own 
The revival of interest in pencardial constriction, 
brought about in recent years by the possibilities of 
surgical treatment, has led to the general belief that 
clinically pnmary cases must be less infrequent than 
these reports would suggest 
No less than three in the present senes (Cases 4, 
6, and 8) fall mto the category of ‘ clinically 
pnmary ”, yet it seems almost certain that they are, 
in fact, secondary to tuberculosis of the mediastinal 



Fig I — Case I Teleradiogram, 13/12/47 Pencardial 
effusion with Ghon focus 


Fig 


2 Case 1 Teleradiogram 20/1/48 Effusion 

largely absorbed, Ghon focus persists 
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Fig 3— Case 1 TeTeradiograms Enlarged view of Ghon lotus with hilar glands on 13/12/47 and 16/2/48 
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fiG 4 — Case 2 Teleradiogram, 28/11/47 P-A view 

lymph glands, from which the pericardium has 
become infected by extension Failure to visualize 
enlarged mediastinal glands radiologically cannot be 
held to exclude tuberculosis of these glands In the 
two cases where pericarditis accompanied an active 
pnmary Ghon lesion, the radiological picture 
strongly suggests direct extension from hilar glands 
as the probable route of infection (Fig 3 and 6) 


Fig 5— Case 2 Teleradiogram, 20/1/48 Right 
oblique view 

In another patient (Case 3) where pericarditis 
accompanied a right-sided pleural effusion, senal 
X-rays revealed transient enlargement of the glands 
in the left hilum (Fig 7) Heimann and Binder 
(1940) found tuberculous mediastinal glands in all 
their cases but pulmonary lesions were present only 
in 16 of the 28 autopsies Harvey and Whitehill 
(1937) and Hannesson (1941) also regard extension 
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from mediastinal glands as the most important route 
of infection 

While miliary tubercles may form m the peri- 
cardium dunng the course of miliary tuberculosis, 
this form of pencarditis is clinically unimportant, 
the course of the disease is not modified It must be 
borne m mind that tuberculous pencarditis can 



terminate m miliary tuberculosis, Heimann and 
Binder (1940) had several cases in which miltary 
tuberculosis followed tuberculous pencarditis, but 
they failed to find a single instance m which peri- 
carditis was secondary to miliary tuberculosis, they 
were dealing with cases of “ clinically important ” 
pericarditis 
1 



Fig 6— Case 2 Teleradiograms Enlarged view of Ghon focus and secondary infiltration on 22/11/47 

and 25/4/48 






Fig 7 — Case 3 Teleradiogram, 1/5/47, with pencardial 
and nght pleural effusions 


Fig 8— Case 3 


Teleradiogram, 19/5/47, with left hilar 
enlargement 
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Fig 9 — Case 3 Teleradiogram, SI9I41, showing com- 
plete resolution 


Symptomatology 

American waters (Harvey and Whitehill, 1937, 
Hannesson, 1941) differentiate two groups of cases, 
in one of which the clinical features suggest acute 
tuberculosis or other acute infection , pencarditis is 
an incidental finding and is “ clinically unimport- 
ant ” Only one case in the present series falls into 
this group , this was a young woman of 20, a member 
of the W A A F who was admitted to an E M S 
hospital with fever, tachycardia, flushing, sweating, 
and signs of a large nght-sided pleural effusion from 
which tubercle bacilli were recovered , there were no 
cardiac or circulatory symptoms, pencardial friction 
and effusion being found incidentally It seems 
likely that, under conditions obtaining in Great 
Britain, such cases are more likely to be encountered 
in fever hospitals or sanatoria than in general 
hospitals 

The second group is that in which the peri- 
carditis IS “ clinically important ” that is to say the 
clinical features point to cardiac disease and peri- 
carditis IS the presenting symptom One of the most 
staking characteristics of this group is the relative 
insignificance of constitutional symptoms Almost 
all writers comment on this (Harvey and Whitehill, 
1937, Hannesson, 1941, Suzman, 1943, Barrett 
and Cole, 1944, Ellman, 1945), and it has been 
noteworthy m the present senes Loss of weight 
and night sweats have been conspicuous by their 
absence Case 2 was afebrile (Fig 10), while in 
Case 3 fever was virtually absent (Fig 1 1), a tempera- 


ture of 99° F having been recorded only on four 
occasions during the course of the illness In the 
absence of cardiac tamponade the pulse rate rarely 
exceeds 1 10 while the sleeping pulse rate has usually 
been between 80 and 95 Thus Case 1 who had 
fever (Fig 1 2), friction, pericardial effusion, cardio- 
graphic evidence of myocarditis, and radiological 
evidence of an active Ghon lesion, had a sleeping 
pulse rate between 90 and 95 with a waking pulse rate 
between 100 and 110, Case 3 with friction and 
effusion but no fever had a pulse rate between 60 and 
70, in Case 2 the pulse rate remained unaltered 
(sleeping pulse 80, waking pulse 90 to 100) when 
pericardial friction appeared In this respect tuber- 
culous pericarditis presents a marked contrast to 
rheumatic pericarditis Pallor was present in the 
four children in the series, the facial appearance 
being similar to that m rheumatic carditis, but 
despite the pallor there was remarkable absence of 
lassitude — the patients being bright, active and 
alert, almost euphoac in their insistence that they 
felt nothing wrong at times when they were febrile 
with faction or signs of effusion Appetite has 
i^nerally remained unimpaired 
’ Subjective symptoms, when present, have consisted 
of praecordial pain (Case 3), of circulatory embarras- 
ment from cardiac tamponade (Case 5), of pressure 
cough (Case 1), or have been attributable to a co- 
incident pleurisy (Case 7) 

An interesting physical finding has been the per- 
sistence of loud pericardial friction over the entire 
prfficordial area in two instances (Cases 1 and 3) in 
the presence of a moderately large effusion This 
feature has previously been noted by Harvey and 
Whitehill (1937) and by Ellman (1944), though no 
explanation of such an apparent anomaly has been 
attempted In both cases the effusion has seemed 
of sufficient size to ensure separation of the parietal 
and visceral layers of the pericardium (see Fig 1 
and 7), and it seems likely that the sound has been 
produced in the parietal layer itself In the chronic 
constrtctive stage of tuberculous pericarditis the 
parietal layer is usually much thickened, often to a 
considerably greater extent than the visceral layer, 
it seems reasonable to suppose that this layer will be 
the seat of inflammatory thickening in the acute stage 
also In these cncumstances the alternating tension 
and relaxation which must be communicated to the 
parietal layer through the inelastic fluid content of 
the sac at each cardiac diastole and systole, may per- 
haps be responsible for the production of the friction 
sound 

Myocardial Lesions 

With the exception of Heimann and Binder (1940), 
who found myocardial lesions in 10 of their 28 
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autopsies m Bantu natives (36 per cent), most 
writers regard myocardial tuberculosis as rare 
Thus Harvey and ''ATutehiU (1937) encountered only 
two instances of infiltration of the myocardium 
apart jfrom the presence of miliary tubercles m one 
patient with mihary tuberculosis, the left auntie 
was mvolved m one, the ventncles m the other 
One patient m the present senes (Case 1) had cardio- 
graphic evidence of myocardial mvolvement, there 
was M-shaped notching of QRS m lead CR 2 
suggesting a lesion of the nght bundle branch (Fig 
13) this persisted for a month, then gradually dis- 
appeared, m addition, there was T wave mversion 
in leads I, n, CR 2, CR 4, and later CR 6, this 
likewise persisted for fully a month after the effusion 
had completely absorbed 
Harvey and WhitehiU found that arrhythmias were 
confined to patients who had received digitalis, 
auncular fibrillation occurred in two, latent heart 
block m two, partial heart block once, complete 
heart block once, and nodal rhythm once Case 5 
of the present senes had auncular fibrillation for a 


time, he had previously been treated with digitahs 
and mercunal diuretics None of the remaming 
patients received digitalis, and none showed any 
arrhythmia while under my observation, though 
one was stated by his doctor to have had cardiac 
uregulanty (the type of which was not specified) at 
the onset of his illness (Case 6) 

Endocardial Lesions 

Tubercles have been found m the endocardium and 
valves m some recorded cases, but there is no 
evidence to suggest that chronic valvular disease 
ever results (Hannesson, 1941), thus tuberculosis 
was found only once m a senes of 300 cases of mitral 
stenosis Conversely White states that mitral 
stenosis is extremely rare m cases of tuberculosis 
A previous history of rheumatism was unusual in 
Harvey and WhitehiU’s senes (1937), three of their 
patients gave a vague story of joint pains from 6 to 
11 months before the onset of their present illness, 
but the descnption was not that of a typical rheuma- 
tic polyarthntis, and in no mstance had there been 
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Fig 1 1 — Case 3 Temperature and pulse chart 


symptoms of myocardial msufficiency All wnters 
are m substantial agreement m regarding absence of 
valvular lesions as an important diagnostic pomt in 
the differentiation of tuberculous and rheumatic 
pencarditis 

Errors m diagnosis might arise from the fact that 
pencardial thickening can produce exaggeration of 
the auncular impression on the oesophagus similar 
to that seen in mitral stenosis (Rubm, 1948), but 
chnical signs of the valvular lesion are absent Peri- 
cardial effusion, at one stage during its absorption, 
appears to be capable of producing a sinular radio- 
logical picture Thus Case 3, whose first X-ray 
showed a fairly large pencardial effusion, was reported 
as a case of mitral stenosis by the radiologist when 
his second X-ray was examined , there was, however, 
never any clmical justification for this diagnosis, 
and the radiological signs that simulated mitral 
stenosis had vanished completely a month later 
Case 4 was also regarded incorrectly as having mitral 
stenosis by two independent radiologists 


In these circumstances Case 2 of the present series 
is all the more remarkable, and appears to be umque 
This boy had atypical rheumatism at the age of 1 1 , 
there was no sore throat and pains were confined to 
the metatarso-phalangeal and hip joints Three 
years later he had a second attack identical with the 
first, but on this occasion endocardial murmurs were 
recognized m the mitral area He was referred to the 
outpatient department after 8 weeks when he had a 
nud-diastolic mitral murmur with slight prominence 
of the left auncle and the pulmonary artery radio- 
logically There was also an active primary Ghon 
lesion with hilar gland enlargement on the right side, 
and early secondary infiltration of the base of the 
right upper lobe Pencarditis appeared a week 
later, while he was under observation in hospital, 
it was not accompamed by any disturbance m 
temperature or pulse rate, and symptomatically it 
resembled a tuberculous as opposed to a rheumatic 
pencarditis, it occurred at a time when there was 
ample evidence of active tuberculosis (radiological. 
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Fig 12 — Case 1 Temperature and pulse chart 


skin reactions, and lymphocytosis), while there had 
been no symptoms of active rheumatism for two 
months There can be httle doubt that the pen- 
carditis was tuberculous Six months afterwards, 
the classical presystohc murmur of mitral stenosis 
was present The nature of the endocarditis is 
open to greater doubt It might be argued that the 
atypical rheumatism was in reality an example of 
tuberculous rheumatism, and that the endocarditis 
was hkewise tuberculous However the first attack 
of jomt pains had occurred three years previously, 
and the mitral stenosis was more consistent with a 
3-year than an 8-week history, whereas the Ghon 
lesion was undoubtedly his pnmary tuberculous 
mfection and is unhkely to have been present for 
more than a few weeks I believe therefore, that 
this boy had a rheumatic endocarditis with tuber- 
culous pencarditis secondary to his Ghon lesion 
With the exception of the foregoing case, signs of 
endocarditis were never found m the senes, and 


none of the remaining patients gave a history of 
rheumatic manifestations 

Course and Prognosis 

The presence or absence of tubercle bacilli m the 
pencardial fluid is of the utmost importance in 
prognosis Harvey and Whitehill (1937) had a 
mortality of 83 per cent in their 37 bactenologically 
proved cases, Blalock and Levy (1937) also quote 
a mortality of 83 per cent in a senes of 24 bacteno- 
logically proved cases Contrasting with this, the 
death rate was only 6 per cent in Harvey and White- 
hiH’s 34 bactenologically negative cases, which 
resembled their proved cases in all other respects 
None of the latter group showed signs of pericardial 
constnction on discharge from hospital Seventeen 
were followed for periods varying from six months 
to seven years one developed signs of adhesive 
mediastinitis with portal obstruction seven years 
after having made an apparently complete recovery. 
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Fio 13— Case 1 Serial electrocardiograms (A) 15/12/47 (6) 20/1/48 

(C) 16/2/48 (D) 19/3/48 


two developed tuberculous lesions elsewncic, nine 
remained well Ellman (1945) also believes that the 
disease may become arrested during its course, and 
that some cases result in a cure at the stage when the 
effusion has been absorbed 
Two cases in the present series were bacterio- 
logically proved, tubercle bacilli being recovered 
from the pericardial fluid in one that proved fatal 
in 1 2 months, and f rom the pleural fluid in one whose 
subsequent fate is unknown Of the remaining 
Six cases one died, two have apparently recovered 
(observed for 3 years and 1 year respectively) while 
three are recent, two of them seemingly recovering 
The various courses which the disease may pursue 
are well illustrated m the senes In its fully-fledged 
form It passes through (1) a dry stage, (2) a stage 
of effusion, (3) a stage of absorption, and (4) a 
stage of pericardial constriction Case 4 was 
observed through all four stages, he was admitted 
with a dry pericarditis of obscure stiology and he 
developed an effusion while under observation. 


although the effusion absorbed completely before 
his discharge from hospital he had signs of com- 
mencing pericardial constriction in the shape of 
persistent enlargement of the liver, during the 
ensuing three months venous distension and oedema 
appeared and liver enlargement increased A 
pericardectomy was followed by a pleural effusion 
and gave no immediate relief, though there was 
temporary improvement two months later, neverthe- 
less he relapsed and died six months after the 
operation Case 5 illustrates an alternative course 
that may be followed as the disease becomes chronic 
This patient developed a pericardial effusion sud- 
denly while he was convalescent from a tuberculous 
pleurisy, tubercle bacilli being recovered from the 
pericardial fluid, the effusion gave rise to venous 
distension, oedema and liver enlargement At first 
it was possible to aspirate up to 500 ml from a single 
puncture, but as time went on the effusion became 
loculated so that only a few ml could be obtained 
from any one puncture The cardiac failure became 


o 


204 


PEEL 


chronic and he died a year after the onset of the 
effusion 

On the other hand, arrest and cure seem to be 
possible either before the development of an effusion 
or after its absorption Case 6 had pericarditis 
without demonstrable pericardial effusion on two 
occasions in 1943-4 m the interval he had a nght- 
sided pleural effusion and co-mcidentally with the 
second attack of pericarditis he had a left-sided 
pleural effusion He appears to have made a 
complete recovei^ , examination three years after the 
second attack failed to reveal any abnormality in the 
heart or lungs Case 3 had tuberculous pleural and 
pericardial effusions in May 1947 he made a rela- 
tively rapid recovery, returning to work in September 
1947, examination in May 1948 showed no evidence 
of any residual lesion Of the more recent cases, 
one (Case 3) seems to have become arrested after a 
dry stage without effusion, and one (Case I) shows 
no cardiac lesion six months after an effusion with 
myocardial involvement One case was lost sight 
of when she was transferred to a tuberculosis 
hospital in accordance with service regulations 
The remaining case is still under observation with a 
pericardial effusion which has persisted for three 
months 

The rapidity with which a tuberculous effusion 
can make its appearance is worthv of mention 
Case 3 was seen one evening with pericardial friction 
his apex impulse was well-defined and localized, 
9 cm from the midline, the cardiac percussion 
dullness was not increased , Fig 7 was obtained on 
the following forenoon when he was admitted to 
hospital The rate of absorption is very variable, 
m Case 3 the effusion had almost completely 
absorbed in three weeks (Fig 8), in Case 5 there 
was still effusion after eight months despite repeated 
aspirations 

The features of the chronic constrictive stage have 
been adequately described by many authors (Pick, 
1896, Volhard and Schmieden, 1923, Beck, 1931, 
White, 1935, Hannesson, 1941, Sellers, 1946), and 
are outwith the scope of this article I would agree 
with Ellman in suggesting that many patients with 
constnctive pericarditis who give no history of an 
acute attack have in fact had such an attack, which 
has been overlooked because of the mildness of the 
constitutional symptoms This appears to apply 
wjth particular emphasis to those where peri- 
carditis accompanies a primary Ghon lesion, in 
which subjective symptoms are particularly mild 
Thus Case 2 was symptom-free Case 1 had a 
pressure cough as his only subjective symptom, I 
have frequently heard equally severe coughs in 
children gomg about the streets, many of whom 
probably fail to come under medical supervision at 


all I have found only one reference to pencarditis 
complicating an active primary Ghon lesion, and the 
circumstances are entirely different from those of the 
present cases Seligman and Lederer (1 940) desenbe 
a case in which a secondary htemolytic streptococcal 
infection gave nse to an abscess that ruptured into 
the gland draining a Ghon focus, the gland in turn 
ruptured into the pericardium producing a suppura- 
tive pericarditis The symptoms in their case were 
dramatic, simulating either a coronary occlusion or a 
perforation of an abdominal viscus, the illness was 
fatal 

Treatment 

Conservative treatment has been employed m 
most of this series during the acute stage One 
(Case 5) who had a persisting pericardial effusion 
with chronic cardiac tamponade, was repeatedly 
aspirated in addition to receiving digitalis and 
mercurial diuretics, he died in 12 months One 
other (Case 8), an infant, has had aspiration 
attempted unsuccessfully, his effusion is slowly 
absorbing One case was transferred elsewhere for 
treatment The remaining five have been treated 
conservatively, two are well after 3 years and 
1 year respectively, two are convalescent and free 
from signs of effusion or pericardial thickening after 
six months, one developed pericardial constriction 
for which operation was undertaken, but he died six 
months after the operation 
Treatment by aspiration and air replacement 
(artificial pneumo-pericardium) is being recom- 
mended by some authors, assessment of the value 
of this procedure will have to await more precise 
knowledge of the recovery rate in cases treated on 
purely conservative lines, a rate which would 
appear to be greater than has hitherto been admitted 

SUMMARV 

The incidence of acute tuberculous pericarditis has 
been underestimated in this country hitherto It 
arises in the early stage of dissemination of tuber- 
culosis It may be found with the primary Ghon 
lesion, with an apparently pnmary tuberculous 
pleurisy, or in absence of any demonstrable lung or 
pleural lesions Infection of the pericardium takes 
place by spread from the adjacent lymph glands 
Constitutional symptoms are mild, sometimes 
insufficient to lead the patient to seek medical advice, 
owing to the mildness of symptoms, the diagnosis is 
apt to be unsuspected Evidence of myocardial 
involvement was obtained in one case out of eight 
The disease passes through fibrinous, effusive, 
and constrictive stages, but it may become ar- 
rested and apparently complete recovery may occur 
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either before the development of an efiVision or after 
Its absorption The eSusion may become chrome 
and loculated givmg nse to chrome cardiac tam- 
ponade, alternatively absorption of the effusion 
and apparent recovery may be followed by the 
development of constnctive pericarditis The prog- 
nosis IS extremely poor m cases from whose pen- 
cardial effusion tubercle bacilli are isolated, but 
with a sterile effusion the prognosis is hopeful 
Recovenes are by no means uncommon with 
conservative treatment, care is therefore required 
in assessmg claims for specific therapeutic measures 


Appendix 

Case 1 M aged 11 Health good till November 
1947 when harsh cough developed and widespread pen- 
cardial fncUon found, temperature 99° to 101° until 
admission 14 days later A sparely built, pale youngster, 
alert and acUve, with unimpaired appetite A harsh 
metalhc pressure cough was his only subjecUve symptom 
throughout Fnction persisted oyer the entire prse- 
cordial area for 23 days m all, despite a pencardial 
effusion of moderate size Senal cardiograms (Fig 13) 
showed evidence of myocardial involvement Low 
grade pyrexia (Fig 12) with sUght tachycardia (sleepmg 
pulse 90 to 95) X-rays (Fig 1 to 3) showed pencardial 
effusion and an acUve pnmary sub-pleural Ghon lesion 
in left upper lobe with enlargement of left hdar glands 
Absorption of the effusion began in 4 weeks and was 
complete m 6 to 8 weeks, no radiological evidence of 
pencardial thickenmg remamed Venous pressure nor- 
mal throughout, and signs of congestive failure absent 
Ghon lesion slow m resolving and still active 6 months 
after admission B S R (Westergren) fell from 16 to 
8 mm m 6 weeks, but rose agam to 18 mm /hr 

Case 2 M aged 14 Pains in metatarso-phalangeal 
and hip jomts wthout sore throat or involvement of 
remaming jomts when 1 1 , confined to bed for several 
weeks Identical attack September 1947 at age 14, 
mitral endocardial murmurs recognized Referred after 
8 \veeks m bed A sparely built, pale youngster, but 
bnght, active and cheerful like Case 1, insistmg that he 
felt perfectly well Mid-diastolic mitral murmur and 
pulse 1 10, adnutted with diagnosis of rheumatic carditis 
Afebnle with sleepmg pulse 80 (Fig 10) X-ray (Fig 4 
to 6) showed active primary sub-pleural Ghon lesion m 
Tight upper lobe with hilar gland enlargement and 
secondary infiltration of base of right upper lobe, slight 
prominence of pulmonary artery and in oblique view 
distmct prominence of left aunde consistent with early 
mitral stenosis 

A week after admission pencardial fnction present for 
four days without disturbance of pulse or temperature 
Vollmcr patch test positive Absolute lymphocytosis 
present (\V B C 12400, lymphocytes 44%=5500) No 
tubercle bacilli on gastnc lavage The Ghon lesion 
disappeared in betrseen 3 and 4 months The secondary 


mfiltration extended first, then receded By April 1948 
there remamed only a small eSjusion m lesser fissure with 
shghf pleural thickening, now has a typical presystolic 
mitral murmur but no signs of pencardial thickenmg 
Senal cardiograms showed no charactenstic abnormahty 

Case 3 M aged 27 Dysentery and qmnsy in Army, 
but well and category A1 on demobilization February 
1946 April 1947, noted attacks of slight prsecordial 
pam and tightness, lasting half an hour at a time, but not 
preventmg work as van dnver After 2 weeks a more 
severe attack with breathlessness, muffled heart sounds 
and elevated temperature reported by doctor Two days 
later (30/4/47) pam gone, insisted he felt well, but wide- 
spread coarse pencardial fnction present without cardiac 
enlargement or displacement of impulse, small pleural 
effusion present at nght base On admission next day a 
large pencardial effusion had developed (Fig 7) There 
was never venous distension, liver enlargement or oedema 
He was virtually afebnle (Fig 11) and had no tachy- 
cardia, bradycardia durmg convalescence Despite effu- 
sion pencardial fnction persisted several days Pleural 
fluid contamed 1100 cells per cu mm , 86 per cent 
lymphocytes, no tubercle bacilli seen in films, cultures 
stenle Pnecordial pam not severe, recurred once a 
week later for half an hour, otherwise he had no subjec- 
tive symptoms Absorption of pleural and pencardial 
effusions began withm 3 weeks and was complete in 6 
weeks Transient enlargement of the left hilar glands 
(Fig 7 and 8) occurred while effusion absorbing, at 
this stage left auncle and pulmonary artery were promi- 
nent, and radiologist rejKirted mitral stenosis but there 
was never clinical justification for this diagnosis, and 
radiological appearances vanished later Discharged 
from hospital end of June and resumed work September 
1947 On re-examination in May 1948 no abnormahty 
m heart or lungs, and symptom-free 

Case 4 M aged 23 No previous- illness, 2 years’ 
active service Coryza and cough 14 days before onset 
On 10/8/41 pam across chest, breathlessness, mcreased 
seventy of cough and mtermittent headache, occasional 
vomiting Oedema of legs developed and lasted 5 days 
but had subsided when admitted to E M S hospital on 
27/8/41 Pencardial fnction and small pencardial 
effusion, pulse 100 to 110, B SR 50 mm /hr , afebnle 
Left pleural effusion appeared a fortmght later. X-ray 
now reported to show “ enlargement of heart wii mitral 
configuration ”, no endocardial murmurs detected at 
any tune Cardiogram showed R-T elevation followed 
by T mversion in all limb leads Pencardial effusion 
absorbed a month after admission, but small nght-sided 
pleural effusion developed By December convalescent, 
B S R 9 mm /hr , effusions absorbed, but liver enlarge- 
™enl/^^resent Discharged from army and hospital. 

Cough, breathlessness, and oedema soon recurred 
Admitted to Victona Infiimaiy 21/3/42 with small heart, 
feeble unpulsc, distant sounds, enlarged hver, distended 
neck vems, and venous pressure 24 5 cm Feeble cardiac 
puIsaUons on cardioscopy, prommence of pulmonary 
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artery and left auncle again noted, and a second radiolo- 
gist diagnosed “ mitral stenosis with pencardial thicken- 
mg” Pencardial resection performed by Mr Brace 
Dick on 10/4/42 was followed by jaundice, then nght 
pleural efiusion, oedema became considerable Improve- 
ment began after a month and he was up after two 
months On 6ll0j42 he was convalescent and chest 
radiologicaUy clear Four days later severe pam m left 
chest with breathlessness and cyanosis, pleural effusion 
developed rapidly and he died next day with an effusion of 
2300 ml m left pleural cavity At autopsy heart was 
small and there was no imtral stenosis The excised 
pencardium showed tuberculous granulation tissue 

Case 5 M aged 43 Admitted to fever hospital m 
spring 1935 with bilateral pleiuasy, pleural fluid and 
sputum positive for tubercle bacilli Old apical scar 
on X-ray but no obvious fresh lesion After 4 months, 
effusions absorbed, sputum negative for tubercle bacilli, 
no active lesion radiologically Discharge from hospital 
arranged, but meantime breathlessness developed and 
large pencardial effusion found, aspirated several times 
and tubercle bacilh recovered from flmd Transferred to 
Victona Inflrmary two months later, afebrile with large 
pencardial eSusion and small pleural effusion on each 
side, breathless, enlarged hver, asates, and shght oedema. 
Pencardium aspirated on two further occasions, no 
tubercle bacilh found, yet tuberculosis of larynx and 
palate developed 5 weeli after admission Paroxysmal 
auncular fibrdlation appeared, and oedema became gross 
requiring Southey’s tubes as well as salyrgan Oedema 
cleared but heart size remamed unchanged and effusion 
was now loculated so that only 15 to 30 ml could be 
withdrawn from any smgle puncture Throat also 
improved and sputum was negative Three months after 
transfer he was up and allowed home pnor to entermg 
a sanatonum where he died three months later, the 
circumstances of his death are not known 

Case 6 M aged 15 History of sore throats periodi- 
cally but no acute rheumatism July 1943 fell from bi- 
cycle striking chest agamst pavement, but seemed none 
the worse after October 1943 developed prrecordial 
pam and fever, doctor reported cardiac megulanty, 
was kept m bed 3 weeks and referred a week later A 
thin youngster with unhealthy tonsils, “ pink and white ” 
complexion, but no clmical signs of heart disease, heart 
shadow and lung fields normal radiologically, poor 
voltage QRS m cardiogram, BSR 32 mm /hr Wester- 
greru Regarded as convalescent from acute pencarditis 
and sent to E M S hospital 
Improved slowly and BSR dropped to 3 mm /hr after 
10 weeks Tonsillectomy on 1 1/2/44 followed by severe 
hsemorrhage requiring transfusion: On 28/2/44 he had 
pam m right side of chest with fever (T 103°), and signs 
of patchy consohdation followed by a massive effusion, 
the fever failed to respond to sulphonaimdes The 


pleural flmd contamed lymphocytes and polymorphs m 
equal numbers and was negative on exammation for 
tubercle bacilh After aspiration resolution was rapid, 
a trace of flmd remamed m nght costo-phremc angle 
when discharged from hospital on 4/4/44, havmg gamed 
15 lb m weight 

Twelve days after discharge he had shght stammg of 
sputum with tiredness, flatulence, and a httle pallor, 
but no fresh clmical or radiological findmgs m heart or 
lungs, and weight was mamtamed- A month later agam 
tired, listless, off his food, breathless, and shght cough, 
fainted, when next seen on 816/44 pencardial fnction 
and left pleural effusion found. Readmitted for 5 weeks 

Well smce, though there is nuld effort syndrome and 
occasional tendency to famt On 30/10/47 no abnor- 
mahty m heart or lungs chmcally, cardiogram physio- 
logical, on X-ray, heart shadow a httle displaced to left 
but otherwise normal, traces of former pleunsy at left 
base without any remainmg flmd, and shght residual 
fibrosis on nght side Tuberculous mtiology m this case 
IS unproved but seems highly probable 

Case 7 F aged 20 A gul, servmg m the W A AF , 
previously healthy, adnutted with acute pleunsy, febrile 
and flushed with tachycardia and signs of large nght- 
sided pleural effusion Pencardial fnction noted on ad- 
mission, and pencardial effusion appeared a day or two 
later Pleural exudate was lymphocytic and positive for 
tubercle bacilh Transferred to a service tuberculosis 
hospital and further course is unknown. 

Case 8 M aged 18 months Acute pohomyehtis at 
13 months, September 1947, mvolvmg left arm and leg 
Admitted orthopaedic umt 29/10/47 Leg recovered 
during next two months but arm remamed paralysed and 
m abduction plaster splmt Cough with signs of bron- 
chitis noted from time to tune 
February 1948, listless and refused food, large pen- 
cardial efliision found on X-ray, no abnormality in lung 
fields Transferred to medical ward under Dr A M 
Scott A well nourished youngster, pale, but mentally 
alert, heart sounds distant, no fnction heard, hver 
enlarged, two finger-breadths below costal margm on 
admission, down to umbihcus six weeks later There was 
no oedema, breathlessness, nor distension of neck vems 
He was virtually afebnle, a temperature of 100° havmg 
been recorded on two occasions and 99° once, pulse 110 
to 120 Cardiogram shovre low T waves m leads I and 
n with mverted T HI, and left axial deviation Mantoux 
test ncgabve on 1/3/48 and 26/4/48 An attempt to 
aspirate pencardium on 5/4/48 yielded blood only 
X-ray appearances remained unaltered until 25/5/48 
when commencing absorption of effusion was noted, it 
has now reappeared (July 1948) with adema of arms and 
legs 

He IS still imder observaUon Tuberculosis is sus- 
pected as the cause, but is as yet unproved. 
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The Coronary Circulation O D Ratnoff and M 
Plotz Medicine, Baltimore, 25, 285-342, Sept, 1946 

A review of previous work on the coronary circulation, 
e g vanous factors affectung coronary flow, the nervous 
control and the pharmacology of the coronary circulation, 
and the coronary blood flow m disease Because of 
the lack of methods suitable for apphcabon to man or 
even to mtact animals, the coronary circulation has been 
studied mainly on isolated animal hearts or heart-lung 
preparations The results so far are therefore m ainl y of 
acadeimc mterest The authors pomt out that diSerences 
m anatomy and physiology of the coronary vessels 
among vanous species as well as among mdividuals of 
the same species have not hitherto been adequately 
stressed Discretion must be used m applying mforma- 
tion denved from artificial preparations to the intact 
animal, from species to species and even among m- 
dividuals of the same species Conclusions with regard 
to human coronary physiology have been drawn freely 
from animal expenment R. T Grant 

Cardiac Murmurs in Infancy N Cox Brit med J , 1, 
148-150, Jan 24, 1948 

In a prehmmary report on the significance of cardiac 
murmurs in infancy the author redords observations on 
630 ostensibly healthy children examined at the ages of 
about 6 weeks, 3, 6, 9, and 12 months, and thereafter 
at 6-monthly intervals, most of them for about 3 years 
Regular 6-monthly radiographic exammations were 
made m all children Thirty-two (5%) had murmurs 
which were classified according to the age when first 
nobced and are described as transient, temporary, or 
persistent No diastohc murmurs were observed Of 
the 32 murmurs 23 were not detected unbl after the child 
was 9 months old There was a relatively greater 
number of transient murmurs among infants observed 
m the early weeks of life Six out of 8 murmurs appear- 
mg at the age of 18 months remamed permanent. With 
the exception of 2 cases, no associated symptoms or signs 
could be observed No correlation between climcal 
findmgs and radiographic appearances could be estab- 
lished The results are as yet too few to allow any 
conclusions to be drawn Jf Herlinger 

Syndrome of Aberrant Right Subclavian Artery ■mth 
Patent Ductus Arteriosus H P Brean and E B D 
Neuhauser Amer J Roentgenol, 58, 708-716, 
Dec , 1947 

Aberrant right subclavian artery is the most common 
congemtal anomaly of the aortic arch In such cases the 
nght subclavian artery emerges from the extreme left 
side of the aortic arch, postenoriy and to the left of the 


ongm of the left subclavian The aberrant vessel runs 
obhquely upwards and to the nght, usually passing 
behmd the oesophagus as it crosses the midline This 
anomaly is often ac^mpamed by other congemtal 
anomahes of the large vessels at the base of the heart 
Five cases of this syndrome arc reported, 3 were accom- 
pamed by a patent ductus artenosus, 1 by a tetralogy of 
Fallot, and 1 by a cardiac anomaly of uncertain nature 
The radiographic features of anomalous nght sub- 
clavian artery and of patent ductus artenosus are 
reviewed and the value of a banum “ swallow ” dunng 
the radioscopic exammation of the heart is stressed 

A Orley 

The Syndrome of Thrombotic Obhterabon of the Aortic 

Bifurcation R LERiCHEandA Morel Ann Surg , 

127, m-206, Feb , 1948 

Thrombotic obhteration of the aortic bifurcation must 
not be confused with the well-known “ saddle embohsm ’’ 
Important features are said to be (!) sexual disturbances 
— poor erection and ultimate impotence, (2) inter- 
mittent claudication due to fabgue in the limbs rather 
than to actual pam, (3) symmetrical atrophy and 
pallor of both legs, (4) no pulses at groms or below, 
(5) no oscillometnc readings m lower limbs, (6) ulti- 
mately gangrene Aortography may be used to confirm 
the diagnosis 

Treatment IS aimed at (1) Excision of the thrombotic 
segment to pjevent spread of dot and production of 
vasoconstnctor impulses (2) Improvement of col- 
lateral circulation in the lumbar region by high lumbar 
ganghonectomy In good-nsk patients this should be 
accomplished by excision of the thrombosed aortic 
segment and obhterated branches through a left ihac 
mosioii Left lumbar ganglionectomy is performed at 
the same time, and upper right lumbar ganghonectomy 
at a later stage If the condition is due to thrombo- 
angubs obhtetans umlateral adrenalectomy is advised 
In poor-nsk patients ganghonectomy should be pier- 
formed first and aortectomy later if the patient s condition 
will allow Kinmonth 

A New Anomaly, of the Aorta Left Aortic Arch with 

Right Descending Aorta. R N Paul / Pediat , 

32, 19-29, Jan , 1948 

From Johns Hopkins Umversity, the author reviews 
the common anomahes of the aorta, classifymg them and 
commentmg on some, with particular reference to 2 cases 
of a previously unrepiorted anomaly, that of left aortic 
arch with nght descendmg aorta. . . u. 

He diffcrenUates between nght aortic arch with ngnt 
descendmg aorta and nght aortic arch with reti^ 
otsophageal aorta (nght and left) He describes the 


208 



ABSTRACTS 


209 


double aortic arch and comments on the common vana- 
tions m the subclavian artery He then presents, m 
great detail, his cases of the nev/ anomaly Each patient 
had been considered to have the tetralogy of Fallot, and 
both were candidates for the Blalock-Taussig operation 
The first, a 7-year-old white female gave a history of 
cyanosis from early infancy and extreme dyspnoea on 
the slightest activity Radioscopy of the oesophagus 
showed (1) mdentaUon of the left margm by the 
aortic arch, establishing the fact that a left-sided arch 
existed, (2) absence of any vascular or cardiac shadow to 
the left of the banum column between the aortic knuckle 
and the upper left border of the heart, (3) descent of the 
oesophagus far to the left of the midlme At operation 
the course of the aorta was demonstrated, but no 
anastomosis was performed as the pressure m the 
pulmonary artery was considered too great The second, 
an 11-year-old white male, had had cyanosis from the 
age of 1 Radiographs had the same characteristics as 
m Case 1 An anastomosis was performed, but the 
course of the aorta could not be clearly demonstrated, 
though by inference this case appears to have also been 
one of left aortic arch with a n^t descendmg aorta 

Morag L Insley 

The Surgical Relief of Severe Angina Pectoris Methods 
Elmployed and Ekid Results in 83 Patients J C White 
and E F Bland Medicine, Baltimore, 27, 1-42, 
Feb , 1948 

This paper reviews the methods of mtemiptmg the 
afferent pam fibres from the heart m cases of angma 
pectoris, and presents the clmical results m 83 cases 
The methods available are (1) Paravertebral mjec- 
tion of procame followed by 95% ethyl alcohol around 
the upper four thoracic sympathetic gangha (2) Sym- 
pathetic ganghonectomy The stellate and upper three 
thoraac gangha are resected extrapleurally on one side 
only, the other side bemg dealt with later if necessary 
(3) Postenor rhizotomy The upper four thoracic 
postenor spmal nerve roots are sectioned on both sides 
This IS undoubtedly the most effective way of cuttmg off 
all afferent impulses from the heart at one operation, but 
It IS a major and time-consummg operation and cames 
the risk of ischiemic transverse myehtis 
Surgical treatment should be reserved for those whose 
pam, after adequate observation, cannot be controlled 
effectively on a medical regime, and especially for angina 
decubitus Patients with good cardiac reserve and 
bilateral pam are smtable for lammectomy and thoraac 
root section For patients m whom the risk is slightly 
greater, with unilateral pam, thoracic ganglionectomy 
IS preferred Where the risk is very great, paravertebral 
block with alcohol is the only possible routme 
Clinical results in 75 patients treated with para- 
vertebral alcohol block arc reviewed, 56% were com- 
pletely rcheied of pam, m 21% partial relief only was 
obtamed, 8% died as a direct result, 10% developed 
severe intercostal neuralgia Of the group m whom 
initial results were good there was recurrence of pam due 
to recovery of nerve conduction m 19% after penods 
varymg from 2 months to 5 years Eight cases have 
been treated by left-sided thoraac ganghonectomy 


Complete rehef of pam on the denervated side was ob- 
tamed m all There was 1 death (from empyema) 
In 1 case there was shght recurrence of pam after 6 years, 
due to nerve regeneration One patient was treated by 
postenor root section with complete rehef 
Although the number of cases is not large enough to be 
statistically significant, results show that prognosis 
as regards life m cases of severe angma is not altered by 
cardiac denervation In angma decubitus with loss of 
sleep, worry, and threatened drug addiction rehef from 
pam and anxiety has been effective After complete 
division of all afferent nerves the place of a ngin al pam 
as a wammg signal is taken by constriction or oppression 
referred to the suprasternal notch, and painless dyspnoea 
•Occasionally a pam referred to the jaw of the same side 
becomes evident, the mechanism of this is not under- 
stood The authors consider that thoracic ganghon- 
ectomy should be the operation of choice whenever 
possible F B Cockett 

The Efflaency of Maintenance Doses of Digitalis in 
Preventing the Recurrence of Congestive Heart Failure. 
J S Laude and S B Carter Ann intern Med , 27, 
923-928, Dec , 1947 

Doubt is cast upon the value of estimations of the vital 
capaaty, circulation time, venous pressure, and body 
weight as mdications of the extent of cardiac reserve 
m patients who have been safely brought through a 
phase of congestive heart failure It would appear that 
a careful evaluation of symptoms and chnical signs is a 
better guide Patients who have been reheved of con- 
gestive heart failure, even with regular smus rhythm, 
should always be placed upon maintenance courses of 
digitahs leaf The present study of 104 patients shows 
that patients given such mamtenance doses are much 
less hkely to relapse than are similar patients not given 
mamtenance doses A suggested mamtenance dose is 
0 1 to 0 3 g of digitalis leaf daily G F Walker 

Lanatoside C in the Treatment of Persistent Paroxysmal 
Auncular Tachycardia. A S Weisberger and H Feil. 
Amer Heart J , 34, 871-877, Dec , 1947 
In a senes of cases of persistent paroxysmal auncular 
tachycardia, the tachycardia ceased abruptly withm 
40 mmutes after the mtravenous mjection of 0 8 mg 
“ lanatoside C ” No toxic reactions or undesirable 
side-effects occurred R T Grant 

Hyperpiesis with Atheromatous Obstruction of the Renal 
Artenes G T Cook and R S B Pearson J Path 
Bact , 58, 564-567, Sept , 1946" 

This IS a bnef single case report of a 29-year-old man 
with developmental anomahes and hypoplasia of the 
vascular system, who showed severe hypertension 
(300/150 mm) and cardiac failure (heart weighmg 
560 g.), although the histological changes in the kidneys 
were very shght. The nght subclavian and nght common 
carotid artenes showed recanabzation followmg com- 
plete obhteration No changes were noted m the fundi, 
and the Wassermann reaction was negative Compan- 
son IS made with the results of experimental occlusion of 
renal artenes a C Lendrtm 
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Differential Diagnosis of Relrocardiac Shadows S S 
Nemec Radiology, 50, 174-183, Feb , 1948 
The most obscure thoraac lesions are those m the 
retrocardiac space where there is ample room and where 
consequently a lesion may reach considerable size before 
it causes clmical signs of compression Retrocardiac 
shadows may be produced by lesions of the oesophagus, 
stomach, lungs, spine, paravertebral tissues, and aorta’ 
The author descnbes a diagnostic sign consistmg of 
multiple convex Imes withm the cardiac shadow, mdi-, 
eating the presence of the stomach m the retrocardiac" 
regioiL He also descnbes a simple double-contrast 
method (gas-distension of stomach and banum fiHing of 
oesophagus) for the study of the cardio-oesophageal 
junction and of the relation of the lower third of the 
oesophagus to the stomach Fmally, the author asserts 
that a diagnosis of asymptomatic retrocardiac lesions may 
be made from observation of abnormal retrocardiac 
shadows m routme radiographs of the chest A Orley 

Penicillin in Snbaente Bacterial Endocarditis Report 
to the Medical Research Council on 269 Patients 
Treated in 14 Centres Appointed by the Penicillin 
Clinical Trials Committee R V Christie. Bnt 
med J , 2, 1-4, Jan 3, 1948 

Pemcilhn can now be expected to control the infection 
in about 90% of patients suffering from subacute bacterial 
endocarditis, but about 35% of these die of heart failure 
or other comphcations 

Early schemes of treatment showed that, at least with 
smaller courses of pemcilhn, such as a tot^ of 5 miihon 
umts, the duration of treatment was of greater importance 
than the amount of pemcillin given daily For this 
reason, m a later group of 158 previously untreated 
patients, the duration of treatment was established at 
28 days — of 17 who received 100,000 umts daily, 7 
relaps^ or died of infection, of 83 receiving 250,000 
umts daily 13 relapsed, and of 58 who received 500,000 
umts daily 4 relapsed Only occasionally can failure be 
explamed as due to a highly resistant orgamsm, but when 
the coeffiaent of resistance of the organism is more than 
about 8, it is important to give larger doses, possibly over 
an extended penod 

Of 42 patients who had relapsed after a long course of 
treatment, 59% agam relapsed or died infected Acquired 
resistance to pemcilhn is seldom an important factor m 
this high incidence of failure , it may be that these patients 
belong to a naturally resistant group or that the infecting 
organisms are buned m avascular tissue A course of 
2 milhon umts a day for 8 weeks is suggested for patients 
who have relapsed Relapses seldom occur more than 
a month after treatment, but a small nsk remams even 
after a year or more of good health It is sound practice 
to remove foa of infection, particularly in the teeth, while 
the patient is reccivmg pemcilhn The majonty of 
deaths occurred either dunng treatment or soon after its 
completion Heart failure caused 40% of the deaths 
and was a major factor m another 16% At necropsy 
apparently hvmg organisms were found m the heart 
valves of one-third of those whose mfecUon, accordmg 
to the usual chmeal entena, had been controlled 
In prognosis the nature of the imtial endocardial 


lesion IS of shght importance, the highest death rate was 
found m combmed aortic and mitral lesions, and the 
lowest in septa] defects Evidence of heart failure is 
much more significant, m a group of patients where this 
w^ absent 36 4% died, of those with moderate failure 
75% died, and of those who had severe heart failure when 
treatment was started all died Of those recently 
infected 34% died, while of those infected for 6 months 
or more over 60% died The state of nutrition is another 
significant factor, this emphasizes the need for an 
adequate calone mtake as with other prolonged fevers 
Only m the group over 50 should age influence the 
prognosis T’ Semple 

Further Observations of Prothrombin Determinations and 
Vitamin K Therapy in Acute Coronary Occlusions 
H McG Doles Sth med J, 40, 965-973, Dec, 
1947 

The author earned out frequently repeated determina- 
tions of prothrombm level m 64 cases of acute coronary 
occlusion and m 657 controls free from coronaiy disease, 
and found significant hypoprothrombinffimia in the 
coronary cases — that is, with a level below 70% of 
normal This stage is considered as heralding an episode 
of bleeding m general, and of coronaiy submtimal 
hasmorrhage m particular, thus preapitating coronaiy 
thrombosis The frequent relation between gall-bladder 
disease and coronary disease, with the known hypo- 
protbrombmaiima m the former, is commented upon 
Cases of coronary occlusion were treated with intra- 
muscular doses of vitamin K (50 to 72 mg every 6 to 
8 hours) until the prothrombin level reached 100% of 
normal Rapid cessation of pam under this regime was 
observed In some cases prothrombm levels of 100% 
of normal were encountered immediately after the onset 
of the coronary occlusion, but m these cases a fall of 
from 30 to 50% below the first readmg was encountered 
6 to 8 hours later The imtial high level m these cases is 
regarded as a compensatory mechamsm that becomes 
exhausted withm a few hours A mortahty rate of 4% 
m this senes is amved at by excludmg 8 paUents dying 
before adequate treatment could be given and 3 whose 
treatment was considered madequate The author m^es 
no attempt to reconcile his claims with those of worters 
who use hepann and dicoumarol O Schoenewald 

Complications of Blood-letting in Hypertension L 
Walterskirchen Wien klin Wschr , 59, 822-824, 
Dec 19, 1947 

In recent years venesection has been less used in the 
treatment of hypertension, and is now condemned by 
many authorities as dangerous Angiosjjasm, angio- 
spasUc hemiplegia, and collapse are some of its dangers 
Two cases are reported m which electrocardiographic 
findin gs are given before and after venesection in hyper- 
tensive patients with angmal symptoms From these 
findmgs and from expcnmental data it is concluded that 
venesection may lead to acute coronary insufliCTcncy by 
causmg a sudden fall in aortic pressure The prognosis 
m these is otherwise better than in paUents who 
have anginal symptoms with a low blood pressure 

Jfarold Jartds 
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Tetraethyl Ammommn Bromide in Hypertension and 
Hypertensive Heart-failure G W Hayward Lancet, 
1, 18-20, Jan 3, 1948 

Tetraethylammomum bromide (TEAB) was given 
by slow mtravenous mjection m a 10% solution m doses 
of 0 3 to 0 5 g (4 to 6 mg per kilo liody weight) The 
effects were compared with those of “ sodium amytal ” 
in a prehmmary group of 30 patients with essential hyjier- 
tension With T E A B the average fall m blood pres- 
sure was 58 mm Hg systohc and 28 mm diastohc, with 
sodium amytal it was 74 mm and 35 mm , respectively 
T EA B produced no ill effects, and its action was tran- 
sient Ten patients were operated on (removal of 
sympathetic cham and gangha from D6 to LI), and m 
7 cases pre-operative depression with T.EAB agreed 
to withm 10 mm Hg with diastohc depression recorded 
2 weeks after completion of the second stage of the 
operation Sodium amytal gave similar agreement m 
9 cases Four patients were further mvestigated after 
operation, and m each case TEAB gave a level lower 
than that m the pre-operative test Six patients with 
hypertensive heart failure were treated with T E A^ , 
some by mtramuscular uyechon of 1 g All patients 
showed temporary subjective improvement often for 
some hours Electrocardiograms showed no change, and 
no cardiac pam or infarction has been reported after 
mjections The speed and safety of the test with T E AJB 
IS not assoaated with an accuracy equal to that of the 
sodium amytal test, and this is attnbuted to the fact that 
the former drug produces only partial ganghomc paralysis, 
as mdicated by its increased action after sympathectomy 
The benefiaal effects of T E AJB m hypertensive heart 
failure are attnbuted to decrease m pulmonary congestion 
similar to that following venesection, and last 2 to 8 hours 
after mtramuscular mjcction Smce venous pressure 
falls m hypertensive cases to an equal extent with or 
without failure, the faU is considei^ to be due to a 
lowermg of penpheral resistance The drug is thus of 
use m the emergency treatment of acute left ventncular 
failure or paroxysmal nocturnal dyspnoea In the 
treatment of chrome congestive failure the fall m urinary 
output which results from the lowering of blood pressure 
makes its use madvisable at present W A J^wne 


Paroxysmal Diaphragmatic Flutter with Symptoms Sug- 
gesting Coronary Thrombosis. F H Moore and C 
ScHOFF Amer Heart J , 34, 889-893, Dec , 1947 

A brief descnption is given of a patient suffenng from 
severe anginal pam assoaated with flutter of the dia- 
phragm On pivecordial auscultation a loud boommg 
noise ivas heard, its frequency being about 200 a mmute, 
palpation of the lower thorax conveyed a marked throb- 
bmg sensation synchronous with the sounds On radio- 
logcal cxammation both leaves of the diaphragm were 
seen to be fluttermg rapidly, m time with the palpable 
impulses and the sounds Morphme, gr i (16 mg), 
rclie\ed the angmal pam but the flutter continued, this 
ceased seN-eral hours later and did not recur The patient, 
a psychopath, was recognized as the mdividual who, 
under v-anous aliases, had been admitted to other hospitals 


with the same complamt from tune to time smce 1936 
References are given to 4 other pubhshed accounts of 
the case R T Grant 


Radiological DiflTerentiation betw'ecn Pericardial Effusion 
and Cardiac Dilatation. J Arendt Radiology, 50 
44-51, Jan , 1948 

The pericardial space m health is fairly lax and has an 
appreaable capacity for accumulating fluid without 
presenting the characteristic contours When accumu- 
lation IS rapid, the cardiac contours are obhterated and 
the sphencal form with a short pedicle is seen Slow 
accumulation of flmd gives tune for some accommodation 
of the pencardium and then differentiation from cardiac 
dilatation may not be easy The author has found 
Valsalva’s test followed by forced expiration a useful 
means of differentiation The dilated heart responds, 
first by becommg smaller, and then by notable mcrease 
m size with enlarged amphtude of pulsation In the 
presence of a pencardial effusion there is little or no 
variation m size or visible behaviour The bifurcation 
of the trachea may be a further useful mdex In cases of 
dilatation, espeaally when the left auricle is enlarged, 
the bifurcation an^e is widened from the normal 75 
degrees to over 100 degrees When enlargement of 
the heart shadow is due to flmd there is only sh^t 
widenmg, if any A further useful pomt is that, m the 
latter condition, flmd tends to obscure the carma, while 
m cardiac dilatation the bifurcation is psually clearly 
visible Pencarditis with effusion may displace the 
banum-filled oesophagus to a disproportionately shght 
extent and the curvature is wide and smootL The 
dilated heart is likely to displace and impress the oeso- 
phagus more defimtely, the impression bemg sharper and 
of a more localized nature Kymography may give more 
precise evidence of the dimmution m pulsation occasioned 
by flmd A M Rackow 


Roentgen Demonstration of Calcifications in the Inter- 
ventricular Septum m Cases of Heart Block F 
WiNDHOLZ and C Grayson Amer J Roentgenol , 
58, 41 1-421, Oct, 1947 

Calcification m the membranous septum of the heart, 
sometimes assoaated with heart block, can be demon- 
strated radiologically The authors’ views are based on 
61 patients who showed radiological calcification m the 
mitral or aortic rmgs, of these, 12 had some degree of 
heart block In the left obhque view the nutral nng is 
projected m its most open form and the postenor limb, 
when calcified, clearly shown The authors regard as 
evidence of probable septal involvement (1) caudal 
extension of aortic nng cdafication (see m 2 cases with 
heart block), (2) complete calcification of the mitral 
nng (see m 8 cases with heart block), (3) incomplete 
calcification of the mitral rmg with an aggression of 
calaum at the medial end of the postenor hmb (see m 
2 cases of heart block) The last type was observed also 
m cases without heart block, and is considered to be a 
less specific sign than the first two A M Rackow 
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QntMiic Auricnlar HbrOlation. Its Treating wjfli 
Quinidine Sulfate. R L McMnxAH and C R 
Welfare J Amer med Ass, 135, 1132-1136. 
Dec 27, 1947 

This paper, based on a study of 50 unselected cases, is 
a plea for a wider use of quinidihe sulphate In the 
authors’ view the only definite contraindications to its 
use are severe conduction defects, subacute bacterial 
endocarditis, and angma pectons, previously reheved by 
the onset of fibrillation All their patients were admitted 
to hospital and complete digitalizabon was effected before 
quinu^e therapy was instituted An average mcrease of 
270 ml in-vital capacity followed return to normal rhythm 
m 18 patients, and an average decrease m venous pressure 
of 20 mm of salme solution m 13 pabents The average 
decrease in cuculatory time m 14 pdtients was 6 7 seconds 
After a test dose of 0 2 g , qumidme was given every 4 
hours day and mght The dosage began at 0 5 g and 
was increased by 02 g every 12 baiws uatd normal 
smus rhythm occurred, toxic symptoms appeared, or 
0 8 g was reached Further increase of dosage was slow, 
usually by 0 1 g per dose every 24 hours After rever- 
sion to normal rhythm quimdine was given in the same 
dosage at 6-hour instead of 4-hour mtervals 
In 35 patients for whom a satisfactory mamtenance 
dosage was worked out, the average amount necessary 
for reversion was 0 45 g every 4 hours, and the average 
mamtenance dose was 0 28 g every 6 hours Sums 
rhythm was restored m 44 patients, of whom 14 had 
mamtamed normal rhythm for from 4 months to 2 years, 
half of them bemg on mamtenaiice doses of qumidme 
In the 5 cases of thyrotoxic heart disease treatment was 
unsuccessful until hyperthyroidism had been corrected 
Apart from the 2 patients under 20, best results were 
obtamed m the 40-tO'49-year age group, m rheumatic 
heart disease, and m those m whom the adequate 4-hourly 
dose did not exceed 0 3 g It is claimed that restoration 
of normal rhythm may do much to prevent the develop- 
ment of a cardiac neurosis Eleven of the 50 patients 
studied died, durmg the time of observation which was 
apparently a penod of 2 years 
The authors consider that this study mdicates that 
much larger doses of qumidme sulphate may safely be 
administered than has been thought practicable [It is 


obvious (as m the 3 fatal cases quoted) that the range of 
patients treated was much wider than that considered 
smtable by most Bntish cardiologists J 

Donald Hall 


Blood Volume in Congenital Heart Disease. D E 

CasselS and M Morse / Pediat , 31, 485-495, 

Nov, 1947 

A shunt occurs m cases of auricular and ventncular 
septal defect, and m patency of the ductus arteriosus 
These communications should have an effect on the 
circulation sirnilar to that of a penpheral fistula, initiating 
an accessory circulation that requires a certain volume 
of blood to fill it Theoretically this blood can be sup- 
phed by (1) reduction of blood flow distal to the fistula, 
(2) mcrease m total blood volume, or (3) both 

Several mvesUgators have found an increased blood 
volume m patients with artenovenous fistulae The 
present authors contribute blood volume estimations 
(by the blue-dye method of Gibson and Evans) on normal 
children and patients with congemtal heart disease The 
latter were studied m three genera] groups (1) patent 
ductus artenosus, (2) acyanoUc congemtal heart 
disease, not mcludmg coarct^on of the aorta or aortic 
stenosis, smee abnormal shunts do not occur m these 
cases, (3) cyanotic congenital heart disease of varying 
type In 13 patients with uncompheated patent ductus 
the blood volume was elevated — considerably m 4, while 
1 had a blood volume below the mean norm^ In 
7 of 8 mstances where the blood volume was estimated 
before and after hgation there was a decrease m blood 
volume followmg surgery The blood volume m 
acyanohe mtracardiac artenovenous shunts was elevated 
by a smaller amount It is temptmg to attnbute this 
to the smaller volume of blood passmg through the 
fistula, smee m mtracardiac shunts the flow is probably 
mtermittent while m extracardiac shunt the flow is 
conUnuous, though uneven In the cyanotic type of 
congemtal heart disease blood volume was greatly 
mcreased, the mcreased red cell volume bemg usually 
associated with diminished plasma volume This 
resulted m a nse m viscosity Af Baber 
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Advances in our knowledge of heart disease in diagnosis There are times when the serological 

recent decades have generally been the result of the test for syphilis or the determination of the basal 

introduction of new techniques, either diagnostic or metabolism prove to be the mam clue in establishing 
therapeutic The discovery of the stnng galvano- a sound diagnosis and in directing effective treat- 
meter by Einthoven and the pioneering work of Sir ment Many of these examinations are time-con- 

Thomas Lewis in the field of electrocardiography suming and expensive, but they are often indis- 

clanfied many problems of cardiac physiology and pensable Diagnoses can now be made by the use 

helped particularly to elucidate the various dis- of one or more of these procedures that were com- 

turbances in the mechanism of the heart beat Later pletely beyond the scope of our most learned pre- 

the work of F N Wilson enabled us to resolve many decessors Nor has this advance been entirely 

aspects of heart muscle injury and added greatly theoretical or academic There are numerous 

to the diagnostic accuracy of myocardial infarction instances in which modern methods of study have 

and other types of cardiac pathology The increased enabled us to recognize and even to cure con- 

use of the X-ray obviously facilitated the study of ditions that are amenable to effective treatment 

heart disease by portraying the actual size, move- which were formerly either unrecognized or incur- 

ments, and configuration of the heart its various able It is the function of the wise physician to 

chambers, and the neighbouring blood vessels A choose from amongst all these procedures the one 

further advance was made mainly by Sosman when or more, preferably the simplest, that are essential 

calcified valves were visualized in living patients in guiding his treatment 

Quite recently the electrokymograph has been During this period of rapid advance in technology 
introduced and although its application in clinical and in therapeutics as it pertains to heart disease, 

medicine is in its infancy, it promises to reveal one method of examination has suffered — ausculta- 

mteresting data about the normal and abnormal tion of the heart The interest and energy expended 

function of the heart During the past several in these other fields although extremely profitable, 

3 cars venous-cathetenzation of the heart has been have detracted from the attention given to the use of 
employed it is already clear that certain diagnoses, the stethoscope In addition, there was a more 

especially in the field of congenital heart disease, can legitimate reason for attaching less importance to 

be made by this elaborate method, that were auscultatory findings During the penod before 

impossible without it the first World War, physicians attributed too great 

Apart from the above, there are other important importance to certain cardiac irregularities and 

measurements that are often made in studying murmurs Largely as a result of the teaching of Sir 

patients suffering from heart disease Amongst James MacKenzie, the significance of the symptoms 

these arc the determination of the arterial and venous of heart failure (congestive or anginal) began to be 

pressure the velocity of blood flow, the vital capacity appreciated He convinced the medical profession 

of the lung the blood volume etc Sometimes one that many cardiac murmurs and irregularities were 

or another of these various tests proves valuable and benign and compatible with long and vigorous lives 

even decisive in guiding the phvsician to the correct Physicians were prone to administer digitalis and to 

* The St Cvrcs Lecture of the National Heart Hospital, London, July 8, 1948 

+ I wish to evprcss m> great indebtedness to Dr W Proctor Harvey, Assistant in Medicine, Peter Bent Bngham 
Hospital Boston for his help in obtaining numerous phonocardiograms and in other ways 
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restnct greatly the activities of patients, even con- 
fining them to bed, because of the detection of 
abnormalities that we now know were entirely 
harmless The change in viewpoint that took place 
some thirty or forty years ago was a great step 
forward 

However, all this led to discrediting the use and 
value of the stethoscope I recall heanng Mac- 
Kenzie say that the stethoscope should be thrown 
away, because it had done more harm than good 
To be sure, auscultation sheds very little hght on 
whether the heart is failing or not The only 
stethoscopic finding that indicates heart muscle 
incompetency is a diastolic gallop or possibly an 
alteration of ventricular systole But what must not 
be overlooked is that many patients have organic 
heart disease, especially valvular disease, for many 
years before they have heart failure They often 
want to know and need to know, during these early 
years, whether they do or do not suflfer from heart 
disease In some of them auscultation is the simplest 
and occasionally the only method of answenng this 
question, which is important notvnthstandmg the 
fact that during the period of normal compensation 
one would not advise cardiac medication or unduly 
restrict activities if a faint murmur of rheumatic 
aortic insufficiency is found Such a patient 
might need prophylactic penicillin therapy for the 
extraction of teeth to protect him agamst bacterial 
endocarditis if aortic insufficiency were present, and 
would not if the heart were perfectly normal This 
and other matters of considerable importance to the 
health of the patient depend upon the accurate 
diagnosis of apparently minor abnormalities that 
auscultation may reveal 

It is surprismg that so little direct experimentation 
has been earned on concerning auscultatory findings 
Our interpretation of the significance of cardiac 
murmurs has largely depended upon the correlation 
of physical findings in the sickroom with observa- 
tions earned out post-mortem This method has 
been very valuable but has definite hmitations We 
are unable to trace back and study the anatomical 
and pathological changes that were present years 
before the patient died, and explain the findings 
that were present when the heart was well com- 
pensated Furthermore, at the autopsy table we see 
the atonic heart and cannot readily picture what the 
position of the valve leaflets might have been when 
the heart performed its function with the existing 
pressure relationships Valves that appear normal 
or essentially so when observed directly, may have 
been incompetent when functioning in the living 
heart We know that the aorta can be consider- 
ably dilated when viewed fluroscopically and yet 
show normal dimensions post-mortem This has 
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been called the hyperdynamic aorta May not 
similar changes be taking place within the chambers 
of the heart? 

Another point about which accurate data are 
lacking IS the relationship between the size of a 
defect and the loudness of a murmur that may 
result Under what circumstances does a loud 
murmur represent a slight valvular defect and when 
is the reverse true‘s It would seem logical that a 
very loud systolic murmur of aortic stenosis would 
accompany a high degree of stenosis and a similarly 
loud mitral systolic murmur might indicate a slight 
mitral insufficiency, because in each case we would 
expect the intensity of the turbulance to be greatest 
when the blood stream suddenly flows through a 
very narrow orifice The situation does not appear 
to be the same with regard to aortic insufficiency, for 
here it seems that a famt diastohc murmur is present 
with a slight regurgitation Some of these questions 
could be readily answered by direct animal experi- 
mentation 

The exact position and movements of the valves, 
especially the aunculo-ventncular valves, during 
various phases of the cardiac cycle is of considerable 
importance in the discussion to be taken up later 
Most physicians look upon the closure of the mitral 
and tncuspid valves as occurring in a hinge-like 
fashion, like the closing of a door If that were true, 
it would appear that dunng the very early part of 
ventncular systole, as the valve leaflets were being 
approximated, there would necessarily be some 
regurgitation before the valve actually closed 
Yandel Henderson (1912) reported some ingenious 
experiments many years ago, supporting the view 
that closure of the A-V valves took place in a manner 
that would prevent this possible reflux He believed 
that as a result of a “jet effect ” the A-V valves were 
drawn close together directly after auricular systole, 
and with ventricular systole they finally closed by a 
mechanism similar to the unrolling of a carpet In 
this fashion there would be no regurgitation during 
ventricular contraction Furthermore, it is a matter 
of some importance whether the valve leaflets are 
driven deeper into the ventricular cavity and spread 
more widely apart by auricular systole or whether 
they attain a higher position and are drawn nearer 
together It may be debatable whether the experi- 
ments of Henderson can be translated directly to 
events that occur in the normal human heart and 
whether they apply with equal significance to 
abnormal states In any case, there seems to be 
little doubt but that auricular contraction alters 
the exact position of the A-V valves and will 
have a determining effect on the position of these 
valves at the very moment ventricular systole 
occurs 



AUSCULTATION OF THE HEART 


215 


The First Heart Sound 
Although many points about the mechanism of 
cardiac sounds and murmurs are still vague and 
meagrely understood, there are some clinical correla- 
tions of auscultatory findings with practical applica- 
tion that are not generally appreciated or utilized 
Amonst these is the significance of the intensity of 
the apical first heart sound It is generally taught 
that the first sound has two components, valvular 
and muscular Experiments performed by Dock 
(1933) led him to the view that the first sound is 
entu'ely valvular Observations to be discussed here 
indicate that if there is a muscular component it is so 
faint that it is essentially inaudible on ordinary aus- 
cultation For present purposes, therefore, it can be 
assumed that the apical first sound is valvular in ongin 
There are many occasions on which the heart 
sounds are decreased in intensity It is obvious 
that in patients who are dying or monbuna, when 
the heart is extremely feeble, the heart sounds 
become very faint ^ Likewise, patients with much 
obesity, emphysema, or pericardial effusion may 
have very distant heart sounds In fact, any con- 
dition that interposes excessive tissue between the 
heart and the skin will necessarily decrease the 
mtensity of the sounds as heard with the stethoscope 
In all those conditions, both first and second sounds 
will be diminished Excessive amounts of air or 
tissue between the heart and the external thorax will 
not affect one sound without producing a similar 
effect upon the other What is more important is 
that the first sound can be altered (increased or 
decreased) without a simultaneous change in the 
intensity of the second sound It is this pheno- 
menon that deserves particular attention, for its 
detection enables the physician to make certain 
bedside diagnoses by simple auscultation that 
formerly were regarded as impossible without 
elaborate graphic methods 
The loudness of the first sound depends upon 
several factors The vigor of ventricular systole is 
one of these, but by no means an important one 
Many patients have serious organic heart disease 
and even failing hearts with perfectly good heart 
sounds Contrariwise, a decreased first sound is 
common in perfectly healthy subjects Of greater 
significance is the quickness or abruptness of 
fentncular systole Hyperactive or loud sounds, 
particularly the first sound, are often heard in 
hyperthyroidism (Fig 1 and 2), anaemia (Fig 3), 
after a bnei" exercise, during certain infections 
(particular!^ rheumatic fever), and with some 
emotional' states In most of these conditions, if 
not in all, the ventncles contract briskly On 
fluoroscopic examination one can often see a 
snapping or hyperactive type of beat ” With this 


there is likely to be an mcrease m the velocity of 
blood flow Generally this is determined by measur- 
ing the circulation time from a vein in the arm to an 
artery in the head What determines the effect on 
the loudness of the first sound, and for that matter 
on the production of cardiac murmurs, is not the 
total speed of flow but the velocity of the blood 
stream within the chambers of the heart and the 
neighbouring great vessels It is quite hkely that 
this may be accelerated even when the total speed of 
flow as measured in the ordinary way is httle, if at 
all, affected One would expect that the duration 
of mechanical systole would be slightly shortened in 
these hyperactive states, and the increased intensity 
of the first sound would result from the abruptness 
of closure of the A-V valves Many years ago 
Samuel Gee (1908), in discussing murmurs, stated 
“ The loudness of the sound depends upon the 
swiftness of the flow the quahty of the fluid and the 
size of the orifice are of import only inasmuch as 
they exert an influence upon the swiftness of the 
flow ” This mechanism not only affects the intensity 
of murmurs, but also of heart sounds 

Another condition m which the first sound is 
notably increased in intensity is mitral stenosis 
The cause of this peculiarity has been a matter of 
much speculation One naturally suspects that the 
anatomical changes m the valve itself may influence 
the loudness of the sound However, there are 
other influences involved In mitral stenosis, the 
papillary muscles are hypertrophied and the 
chord® teijdine® are shortened The valve leaflets 
are probably deeper in the ventricular cavity than 
normally Furthermore, the left auncle is generally 
dilated or hypertrophied, and with the obstruction 
of the valve, the filhng of the ventricle occurs more 
slowly and gradually Finally, the ventncle may 
contract with a slightly smaller volume and more 
abruptly The result of these various factors is that 
the valve may be at an abnormal position the 
moment ventncular systole occurs and, as we shall 
discuss shortly, this influences the intensity of the 
first heart sound 

A final factor that determmes the loudness of the 
first sound, and one that I believe to be the most 
important, is the exact position of the A-V valves 
at the instant the ventricles contract It was stated 
above that there is some difference of opinion 
whether the A-V are dnven deeper and wider apart 
or higher and closer together by auricular systole 
Although I assume the first of these two premises, 
the fact that auricular systole changes the position 
of the valves can hardly be doubted The observa- 
tions to be discussed and the arguments involved 
are equally apphcable on the basis of either theory, 
for the main point is that the first sound is different 
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Fig 3 — Woman, aged 68 years Diagnosis permaous anaemia Upper tracmg haem- 
atocnt was 22 8 Lower tracmg Several months later, hsmatocnt 45-0 Note 
decrease in mtensity of first sounds (S-1) 


if the valves are m one position from what it is if 
they are m another It will be assumed that the 
first sound is louder if the valves are deep m the 
tentacles and wide apart and is famter when higher 
up and closer together 

If this theoretical speculation is correct, it should 
follow that the relation between the time of auncular 
and ventacular systole will have a profound eflfect 
upon the loudhess Of the first sound Normally the 
tentacles contract £I 16 IcrO 18'sec after the auncles 
Auncular systole, it may be assumed, propels the 
A-V valves mto the ventacular cavities, and as the 
ventncles partially fill, the valves move uptvards to 
a mid-position and then are abruptly closed as 
ventncular systole occurs If the ventncles contract 
0 08 sec after the auncles, the valves tviU be caught 
at a lower position and &e snap that results with 
wntacular contraction \vill be louder However, if 
ventacular contraction occurs 0 22 sec after aun- 
cular, the ventncles will have had a longer time to 
fill and the valves will be higher and more closely 
approximated Qosure will then result in a more 
feeble sound In a word, the loudness of the first 


sound, accordmg to this reasonmg, ought to reflect 
to some degree the length of the P-R mterval 
We have, therefore, a means of estimating the 
P-R mverval by auscultation of the heart If 
conditions cited above like mitral stenosis, hyper- 
thyroidism, ansmia, etc, which may mcrease the 
intensity of the sound, can be eliminated, an accen- 
tuation of the first sound at the apex strongly sug- 
gests that the P-R mterval is shorter than normal 
It has been found that the sound is loudest when the 
mterval is about 0-04 to 0 08 sec (Wolferth and 
Margolis, 1930) Contranwise, if the sound is 
famter than normal, the P-R mterval is full or 
unduly prolonged (0 20 to 0 24 sec or more) It 
does not follow that the first sound becomes m- 
creasmgly weak as the P-R mterval lengthens more 
and more The mtensity may be decreased just as 
much or more when the P-R mterval is 0 22 sec as 
when it IS 0 30 sec. In estimating an mcrease or 
decrease m the loudness of the first sound it is well 
to compare it with the second sound None of 
the above inferences can be drawn if both soimds 
are much decreased One should compare the 



218 


SAMUEL A LEVINE 


loudness of the first sound wjth what one would 
expect to hear in that particular case, considering 
the intensity of the second sound, the shape and 
thickness of the chest waU, and whatever other 
conditions may affect the heart sounds 
Many auscultatoty findings are often missed 
because auscultation is not carried out methodically 
One should spend several seconds deliberately 
listening to one pomt at a time First, one should 
listen to the first sound for several seconds, dis- 
missing everything else from one’s mind Then the 
same procedure should be earned out for the second 
sound This is continued for the interval between 
the first and second sound (systole) and finally for 
the interval between the second and first sound 
(diastole), hstemng for additional sounds or mur- 
murs In no other way can fine points m ausculta- 
tion be detected, except by concentration on one of 
these four components at a time Normally, the 
first sound is generally louder than the second at the 
apex, and the reverse is true at the base of the heart 
(Fig 1) 


It IS surprising how accurate one can become in 
guessing what the P— R interval will be on the basis 
of the intensity of the first sound (Fig 4) Re- 
peatedly I have been able to predict this interval to 
within 0 01 sec This mformation, so readily 
obtamed by simple auscultation, has considerable 
practical importance There is no other way of 
eliciting It except by the use of graphic methods or 
other compheated techmques It would require 
obtaming daily electrocardiograms to detect some 
of the transient changes in the P-R inten'al that 
occur m myocarditis of rheumatic or diphtheritic 
ongm Furthermore, many hearts with a slight 
delay of the P-R interval may otherwise appear 
quite innocent, so that the general practitioner is not 
tempted to obtam electrocardiographic records 
The following is an illustrative expenence A 
man about 50 years old came to the out-patient 
department because he had fainted a few times He 
was otherwise well, having no breathlessness or pam 
in the chest He could work and walk quite well 
Physical examination revealed nothing abnormal 
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Fig 4 — Upper tracing shows loud first sound (S-1) with short P-R interval (0 08 sec ) 
Patient was a man 24 years old, with essential hypertension Lower traang 
shows almost inaudible first sound (S-1) with only slightly prolonged P K (u zz 
sec ) Patient was a 24 year old woman with Gaucher’s disease 
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The blood pressure was normal, the heart showed no 
enlargement, arrhythmias, or murmurs, and the 
carotid smus was not unduly sensitive On careful 
auscultation the apical first sound was extremely 
faint, though the second sound was normal This 
important findmg was entirely overlooked by the 
physicians who first examined him When the same 
physicians were asked to re-examine the patient, 
paying particular attention to the first sound, they 
quickly realized that it was strikingly decreased in 
intensity Then followed a further misinterpreta- 
tion of the significance of this findmg When asked 
what a decreased first sound signified, the reply was 
that it indicated heart muscle weakness However, 
this patient seemed fit and gave no evidence of 
myocardial incompetency 

It IS obvious that many patients have grave 
myocardial msufficiency with normal first heart 
sounds and may have poor or even inaudible first 
sounds with perfect heart function The old con- 
cept that a poor first sound means a weak heart 
muscle IS entirely fallacious In the case cited above, 
the mterpretation was made that the P-R mterval 
was delayed, possibly to 0 21 to 0 22 sec An 
electrocardiogram was then taken directly, which 
showed the interval to be 0 22 sec The practical 
point of this expenence is that a simple ausculta- 
tory findmg led me to suspect that the previous 
attacks of syncope were due to Adams-Stokes 
disease Only later did we learn that he had 
previously been observed m a hospital durmg one of 
these spells, and there showed transient complete 
heart block 

Similarly it is possible to suspect that the P-R 
interval is unusually short If the common causes 


for an accentuated first sound hke mitral stenosis, 
hyperthyroidism, etc , can be eliminated from con- 
sideration, a snapping first sound is very likely to 
mean that the P-R interval is less than normal 
(Fig 4) It may be only 0 14 sec , but more fre- 
quently 0 12 sec or less It has been somewhat 
surpnsing that the first sound m cases of the Wolff- 
Parkmson-White syndrome, though somewhat 
accentuated, is not as loud as one might have 
expected with P-R intervals as short as 0 08 to 
0 10 sec This may be due to the fact that in this 
condition early excitation occurs generally m the 
right ventncle, and that closure of the mitral valve 
(the more important one of the two A-V valves) 
takes place at a normal mterval after auncular 
systole In any event, there are other mstances of 
short P-R interval that are associated with attacks 
of paroxysmal rapid heart action and, therefore, 
simple auscultation may lead the physician to 
recognize such cases 

There is abundant proof available that changes 
m the P-R mterval per se have a profound effect on 
the intensity of the first sound In an expenment 
in which the heart rate happened to remain un- 
changed after the mtravenous rejection of 1 0 mg 
of atropme, the P-R mterval was markedly decreased 
while the first sound became greatly accentuated 
(Fig 5) In this expenment the microphone and 
stethocardiographic mechanism was not disturbed 
m any way, so that the loudness of the registered 
sounds could be accurately compared A very 
feeble sound, which was present because the P-R 
interval was delayed (0 28 sec), became quite 
loud fifteen minutes later when the mterval shortened 
to 0 18 sec 



— Upper tracing shows faint first sound (S-1) with long P-R interval (0 28 sec ) Lower tracing shows loud 
first sounds (S-1) 15 minutes after 1 mg atropine i v when P-R mterval was normal (018 sec) Auncular 
sounds (A) were detected m upp^r tracmg 
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Complete A-V Block 

Another and more important observation that 
affords proof of this general premise is the changing 
intensity of the first sound in cases of complete 
dissociation of the auricles and ventricles (complete 
heart block) This auscultatory phenomenon was 
first observed by Strazhesko (1906) and inde- 
pendently by Wardrop Griffith of Leeds (1912) 
The true explanation of the changing first sound was 
at first not understood In the course of tune this 
finding became known as the “ bnut de canon ” 
because of the explosive quality of the first sound in 
occasional cardiac cycles Even when Lewis 
(1915 and 1925) published phonocardiograms of this 
mechanism (1925), he erroneously ascribed the loud 
sounds to the simultaneous contraction of the 


auricles and ventricles, inferring that a summation 
effect caused the accentuation Wolferth and 
Margohs (1930), however, clearly demonstrated that 
the greatest intensity of the sound occurred when the 
P-R interval was between 0 04 to 0 08 sec and not 
when auricular and ventricular contractions took 
place simultaneously 

When the ventricles are beatmg slowly and 
regularly and the auricles more rapidly, regularly, 
and mdependently, we have an opportunity of 
observing the efl!ect of changmg P-R relationships 
from cycle to cycle without any other disturbing 
influence It will be found that the sounds are 
loudest when the interval is unusually short and 
famter when long (Fig 6) In fact, there may be 
occasions when the first sound is almost inaudible 
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Fig 6 tA) Upper two stops arc continuous Man, 33 years oJd, with Ai^s-Stokw 

disSse with complete A-V dissociation Note changing intensity of firet sounds 
(S-1) loudest sounds coming with very short P-R intervals Intensity of 
systolic murmur (SM) remains constant (B) SKond patient, aged 60, had corm 
olete heart block and emphyscms Note that although most sounds are 
distant, when the P-R interval is very short, S-1 is loud (C) Lowwt tracing 
Man, aged 72 years Diagnosis complete heart block wth auncular ^nlla- 
tion or idioventncular rhythm Note constant intensity of first sounds (S-1) 
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and at other times stnkmgly accentuated This 
changing intensity of the first sound in a slow, 
regular beating heart is practically pathognomomc 
of complete heart block Our medical mtemes have 
been sufficiently alert m recent years to make the 
bedside diagnosis of complete block by means of 
this sign, even in cases m which the ventncular rate 
was not 30 to 40 but 50 to 75, as occurs occasionally 
in acute coronary thrombosis The marked diminu- 
uon, and at times the complete absence of the first 
sound m occasional cycles when the P-R interval 
IS delayed, afford additional proof that the muscular 
component must be of very httle importance in the 
causation of the first sound These cycles are just 
as vigorous, and are accompanied by a peripheral 
pulse of the same volume as those producing a loud 
sound 

One would predict that if there were complete 
heart block and the auricles were fibrillating the 
first sound would mamtam a constant mtensity 
This would necessarily follow because, although the 
ventncles are beatmg independently, the auricles 
are not contracting, and therefore would not alter 
the position of the A-V valves at the time of ventri- 
cular systole That this is the case is well illustrated 
in Fig 6C 

Paroxysmal Ventricxjlar TacIiycardia 

There are other conditions m which the con- 
tractions of the auricles should produce alterations 
m the intensity of the first sound In most cases of 
paroxysmal ventncular tachycardia, the auricular 
rhythm is independent of the ventricular and con- 
trolled by the normal sinus pacemaker As would 
be expected, the intensity of the first sound vanes 
m different cycles (Fig 7) This auscultatory sign 


was descnbed some years ago (Levme, 1927), and 
may enable the examiner to distinguish the auncular 
from the ventricular type of paroxysmal tachycardia 
In the common variety of paroxysmal auricular 
tachycardia (without heart block) the heart sounds 
are not only rapid (150-250) and regular, but are 
constant m quality and mtensity In ventricular 
tachycardia, the rate is also rapid (150-250), 
generally regular (though frequently shght 
irregularities may be present) but the mtensity of 
the first sound may vary considerably In fact, 
obvious alteration in the first sound may be detected 
when the ventncular cycles are perfectly regular 
This feature, together with the failure to influence 
the ventricular rate by vagal stimulation, helps to 
distinguish, on simple bedside examination, the 
ventncular from other types of paroxysmal rapid 
heart action 

Auricular Flutter 

The character of the first heart sound has recently 
been investigated in auricular flutter In many 
cases of auncular flutter before therapy is instituted, 
the ventncular rate is exactly one-half of the 
auncular Under these circumstances every other 
impulse from the auncles is blocked The rhythm 
of the auncles is perfectly regular though rapid 
(250-350), and the ventncular response is also per- 
fectly regular (125-175) The interval between the 
auncular impulse that is not blocked and the sub- 
sequent ventricular contraction is constant from 
cycle to cycle The result is that the first heart sound 
IS constant m character, just as it is m paroxysmal 
auncular tachycardia or in normal sinus tachy- 
cardia (Fig 8) However, there are instances of 
flutter m which the ventncular rate, though rapid, 



paroxysmal ventncular tachycardia Note changma mtensitv of 
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IS not absolutely regular Slight differences may be 
detected in the interval between the auricular and 
ventricular impulses in different cycles This 
would necessitate alterations m the intensity of the 
first sound (Fig 8 and 9) Such changes have been 
observed, and have been shown to be due to the 
variation in the A-V relationships and not to the 
length of the diastolic pause (Harvey and Levine, 
1948) 

A further auscultatory finding in auricular flutter 
IS the detection of auricular contractions Not only 
may these faint sounds be audible during the long 
diastolic pauses when the ventncles have slowed, but 
they may be heard during systole (Fig 9) 
Occasionally they are quite loud and confusing so 
that the observer may be misled into considering 
the mechanism as due to auricular fibnllation A 
well known simple bedside method of distinguishing 
the irregularity of flutter from that of fibnllation is 
the effect of exercise When the heart accelerates 
after a brief effort, the irregularity of flutter is likely 
to change to a more rapid but regular rhythm while 
that of fibrillation continues to be irregular though 
more rapid 

A peculiarity of auricular flutter that is less well 
known is the response to vagal stimulation When 
the heart rate as auscultated over the praecordium is 
perfectly regular and rapid (140-175), it is often 
possible to slow the ventricular rate temporarily by 
carotid sinus pressure or other means of vagal 
stimulation, such as holdmg a deep breath In 
auricular flutter, after a brief period of slowing, the 
original rapid rate is often resumed in a jerky 
fashion (Fig 9) In paroxysmal auricular tachy- 
cardia without block, vagal stimulation will have no 
effect whatever or completely arrest the attack In 
normal sinus tachycardia, if any effect is produced, 
there will be temporary slowing with a gradual 
return to the previous rate, and in ventricular 
tachycardia carotid sinus pressure will never alter 
the rate The temporary slowing and the jerkv 
return of the previous tachycardia is fairly 
characteristic of auricular flutter, and helps the 
physician to diagnose this condition by simple 
bedside examination 

The above auscultatory findings prove very useful, 
not only m the original recognition of auricular 
flutter but in following its progress under treatment 
While administering digitalis or quinidine, it is often 
important to increase, decrease, or omit the drug 
depending upon the changes in the arrhythmia It 
might be necessary to take frequent cardiograms to 
know whether flutter is still present or whether the 
rhythm has reverted to normal or to fibrillation A 
day or two after administenng quinidine or digitalis 
to a patient with flutter, for example, the heart may 


be found quite regular at a rate of 70 One might 
readily conclude that the mechanism is normal, but 
in point of fact flutter may still be present with an 
auricular rate of 280 and a pure 4 1 block A brief 
exercise test is likely to clarify the diagnosis If 
flutter IS still present, the rate may quickly jump to 
1 40 and remain regular for a short mterval or become 
temporanly irregular and rapid (Fig 9) If the 
onginal slow regular rate had been due to a normal 
sinus rhythm, temporary acceleration would have 
occurred smoothly and could only by accident have 
reached the rate of 140, which is an exact multiple 
of the onginal rate of 70 These simple guides may 
quickly enable the physician to make decisions, and 
will save considerable time and expense 

Pulsus Alternans 

Pulsus ahemans is a phenomenon detected in the 
peripheral arteries in which the pulse, though per- 
fectly regular, alternates in volume It is generally 
believed to indicate a fairly grave disturbance in 
myocardial function It is even more easily detected 
on auscultation below the pressure cuff when deter- 
mining the blood pressure Here the sounds will 
alternate in intensity, and when the condition is veiy 
marked, only the stronger of the alternate beats will 
be audible at the very highest levels of pressure 
What has not been currently appreciated is that the 
same phenomenon may be detectable on ausculta- 
tion of the heart Not infrequently the intensity of 
the heart sounds or of an accompanying systolic 
murmur may alternate from cycle to cycle (Fig 10) 
When this is heard, it has the same significance and 
IS due to the same disturbance in contractility as 
obtained when pulsus alternans is observed in the 
peripheral artenes 

Gallop Rhythm 

In identifying a gallop rhythm by auscultation, it 
IS always important to distinguish the systolic from 
the diastolic type Whereas a gallop in which the 
extra sound occurs between the second and first 
normal heart sounds is almost always a pathological 
finding and of grave significance, when the extra 
sound occurs between the first and second sounds, it 
IS a benign phenomenon (mid-systolic click or 
gallop) It may be heard m some normal 
subjects, and when it accompanies organic disease. 

It does not add to the seriousness of the prog- 
nosis There is a simple method of determining 
the fact that the sound is present m mid-systolc 
After identifying the three sounds at the apex of me 
heart, the stethoscope is rhythmically placed higher 
and higher over the priecordium The middle one 
of the three sounds will be found to wane gradually 
and finally disappear on approaching the aortic 








'ATION OF SECOND HEART SOUND 


224 


SAMUEL A LEVINE 



.1 ' gallop disappearing at base (Timing of gallop by 

inching ) Woman, aged 26, with question of epilepsy No 
organic heart disease Note benign systolic gallop sound (G) 
occurs betwren first (S— 1) and second sound (S— 2), loudest at apex 
and gradually disappeanng on reaching base S-1 decreased 
because of long P-R (0 24 sec ) 
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area (Fig 11) One will be left with the two normal 
sounds, malang it clear that the sound that was 
audible at the apex and lost at the base of the heart 
occurred in mid-systoIe This method of “ inch- 
ing” IS helpful not only in idenbfying the types of 
gallop but also other events that occur in different 
parts of the cardiac cycle 

Systolic Murmurs 

The interpretation and significance of a systolic 
murmur sbll remains a puzzling problem It is 
quite true that many systolic murmurs (generally of 
shght intensity) are heard when there is no abnorma- 
lity of the heart and, in fact, in those who have no 
structural disease whatever In others, though 
there may be minor abnormalities, normal health 
and life expectancy is maintained However, it is 
also true that many systolic murmurs detected in 
otherwise healthy people and regarded as benign or 
inconsequential, in later years have proved to be due 
to some structural abnormality I look back at 
instances of this sort in which a congenital abnorma- 
lity such as pulmonary stenosis or auricular septal 
defect was subsequently found by venous cathe- 
tenzation, which explained the “ functional ” basal 
systolic murmur Others, ten or twenty years 
later, proved to have calcific aortic stenosis Still 
others that had a slight apical systolic murmur 
developed unequivocal evidence of mitral stenosis 
or bacterial endocarditis I believe it is fair to say 
that, whereas much too great emphasis was attached 
to the presence of a systolic murmur a few decades 
ago, too little attention has been paid to it in recent 
years 

It IS not the purpose of this discussion to go into 
the mechanism or interpretation of the systolic 
murmur However, I would urge that considera- 
tion be given to its detection and its possible 
significance, and that particular attention be paid to 
Its intensity Although faint systolic murmurs may 
be heard in otherwise healthy subjects, loud ones 
almost always denote some disease, generally of the 
cardiovascular apparatus For this reason, I have 
become accustomed to grade the intensity of systolic 
murmurs from one to six Grade one is the faintest 
and will generally not be audible until the examiner 
has listened for several cycles Grade six is the 
murmur that is sufficiently loud to be heard with the 
stethoscope just removed from the chest wall The 
intervening grades (2 to 5) are of intermediary 
intensity Although at first glance this may seem 
a cumbersome terminology, it is surpnsing how 
quickly different observers will fall in line with each 
other, and rarely differ in their terminology by more 
than one gradation The result of the use of such 
terminology is that one observer can more readily 


understand and compare the findings of another with 
his own Furthermore, it enables the physician to 
divide systohc murmurs into those that are likely to 
be associated with organic disease (grade three or 
louder), and those that commonly are found with- 
out structural disease of the heart (grade one or 
two) 

There appears to be certain misconceptions m our 
current teachmgs concerning the transmission of 
murmurs There is a prevailing opmion that mur- 
murs are transmitted by or with the blood stream 
One frequently is told that a particular systolic 
murmur heard at the base of the heart is transmitted 
to the carotid artery, or another at the apex region 
IS transmitted to the axiHa These observations are 
made as added evidence that the murmur in the first 
instance is due to aortic stenosis, and in the second 
instance is due to mitral insufficiency There is 
now abundant proof that the transmission of mur- 
murs IS mainly a function of its intensity, and that 
bony structures are the best peripheral conductors 
Very loud murmurs, no matter what their ongin may 
be, are propagated m all directions, and may be well 
heard over the carotid artenes or in the axilla A 
loud systolic murmur of Roger’s disease or pul- 
monary stenosis may be well heard in the carotid 
arteries (Fig 1 2) Here the flow of blood producing 
the turbulence is within the heart or chest and not 
out into the peripheral circulation, and yet the 
resultant murmur is transmitted to the neck In 
fact, very loud murmurs (systolic or diastolic) are 
easily audible over the olecranon process of the 
elbow, even when arterial flow to the arm is com- 
pletely occluded (Fig 13) This is convincing 
evidence that the propagation of murmurs is through 
bones The conclusions from these observations is 
that the murmur of aortic stenosis is transmitted to 
the neck because the point of maximum intensity of 
the murmur is near the neck, and that the mitral 
systolic murmur is well heard in the axilla because it 
IS near the axilla 

Miscellaneous Observations 

There are numerous other auscultatory findings 
of practical importance that can be easily elicited, 
which are beyond the scope of this discussion 
Careful attention to the exact timing of the murmurs 
of mitral stenosis throws light on many otherwise 
baffling problems in diagnosis The importance 
of the degree and duration of ventricular filling on 
the murmur of mitral stenosis has not been 
sufficiently emphasized The presystolic murmur of 
mitral stenosis can disappear even when the auncles 
are contracting normally, if the diastolic interval is 
sufficiently long (Fig 14) Not infrequently patients 
are observed who show no murmur whatever in 
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Fig 14 — ^Effect of long diastole on presystolic murmur of mitral stenosis Woman, 26 years old Diagnosis 
mitral stenosis Note classical presystolic murmur (PM) disappears with long diastohc pauses following 
carotid pressure 
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Fig 15 —Diaphragmatic flutter Woman 32 years old with mitral stenosis and 
diaphragmatic flutter Upper tracmg from apical region shows numerous sounds 
a combmation of normal heart sounds (S-l, S-2) and flutter sounds (F) This 
was at first clinically mterpreted as auricular fibnllation Note that flutter sounds 
(F) were very promment in nght axilla (middle tracing) and were entirely absent 
over nght carotid artery 
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diastole on most careful auscultation, and yet have 
unequivocal evidence of mitral stenosis, as shown 
by the finding of a calcified valve on fluoroscopic 
examination Such cases are likely to be m the 
advanced stages of heart failure with auricular 
fibrillation The absence of a diastohc murmur is 
then probably the result of the very slow velocity of 
blood flow and the large volume of residual blood m 
the various chambers of the heart 
Just to mention an occasional reward the physician 
may obtain as a result of intelhgent auscultation, I 
may mention the following experience In this 
particular patient who had obvious evidence of 
mitral stenosis, on one occasion very peculiar heart 
sounds were heard They seemed baffling, and it 
first made one think that auncular fibrillation was 
present On listening over different parts of the 
chest. It quickfy became clear that regular sounds at 
a rate of about 120 could be heard far removed from 
the heart, even in the right axilla (Fig 15) They 
were entirely mdependent of the pulse which was 
also regular, but 75 to the minute At other times, 
these aberrant sounds were absent The tentative 
diagnosis of diaphragmatic flutter was made This 


was confirmed by fluoroscopic examination, at 
which time regular rapid contractions of the 
diaphragm could readily be seen 

I hope I have commented sufficiently on various 
aspects of auscultation to lend some support to the 
proposition that this method of examination is 
valuable and simple I also have reason to beheve 
that much of the knowledge that is at present avail- 
able is not being utilized to the full I may urge 
that greater emphasis be placed on this subject in 
our medical schools, so that this valuable and 
inexpensive method of diagnosis be not neglected 
It IS also hoped that further interest and study will 
clarify many problems in auscultation at present 
poorly understood 

Finally, I wish to thank my British fnends and 
physicians for the privilege and honour of coming 
here to address you Many of the leading students 
of heart disease in the Umted States obtamed their 
early inspiration and training here m your country, 
under your great teachers This will always remain 
a debt quite difficult to repay But in a broader 
sense there are no debts or credits for the medical 
profession is truly universal in its brotherhood 
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In 1947 Wilson, Johnston, and Kossmann gave a 
generalization of the tnangle-rule of Einthoven In 
this paper they descnbe the use of a tetrahedron, 
their method is based on the same assumption as 
Emthoven’s We have tned to give a rational 
descnption of the relation between heart-vector and 
leads, based on firmly estabhshed physical prmciples 
(Burger and van Milaan, 1947) 

It IS not self-evident that the electnc action of the 
heart can be represented by one heart-vector ThL 
is only correct if one is allowed to consider the 
dimensions of the heart as very small compared with 
those of the trunk As a matter of course this can 
only be a useful approximation if the electrodes are 
apphed far from the heart In that case it does not 
matter very much whether the electnc action ongm- 
ates m the one or m the other part of the heart 
muscle As can be shown by mathematical analysis, 
the electnc action of the heart can then be represented 
by one vector, actmg m the “ centre ” of the heart 
But for praecordial leads, le electrodes near the 
heart, this simplification is certamly not entirely 
correct, and we shall return to this pomt at the end 
of this paper 

The formulation of the relation between heart- 
vector and leads can be based on well-founded 
physical laws It is then possible to say with 
certamty what is known a priori and what must be 
found by measurement The Imear relation between 
Lead=aX+bY+cZ (I) 

each lead and the rectangular components X, Y, Z 
of the heart-vector is certain 
We have related these components to a “natural ” 
co-ordinate-system, of which the Z-axis is parallel 
to the axis of the body and of which the T-axis is 
perpendicular to the frontal plane (Burger and van 
Mdaan, 1946. 1947) 

As we have explained m the papers mentioned, 
the coefficients a, b, c, which are mdependent of the 


heart-vector, must be determmed expenmentally 
For this one can use a phantom or measure on a 
cadaver We have done the former ourselves (1 c ) 
the latter method is used by others (Fahr and 
Weber, 1915, de Waart and Storm, 1935, Storm, 
1936, Wilson e/fl/, 1947 But whichever method 
IS used one must proceed objectively and leave the 
decision to the experiments We have, therefore, 
provisionally accepted the values of the coeffiaents 
a, b, c, for a number of leads as the experiments 
gave them By repeatmg the measurement and by 
varymg the conditions we have tned to improve on 
their rehabihty 

With our phantom we have tned to reproduce the 
human body as closely as possible but are fully aware 
of the numerical imperfection of the result We 
took as a basis our measurements of the electric 
conductivity of the hvmg human body (Burger and 
van Milaan, 1943) In these measurements we have 
not noticed the influence of membranes that by their 
high resistance could detemnne the course of the 
electnc current Nor did prehmmary measurements 
on (dead) membranes give a high value for this 
resistance either 

From vanous sides other systems are proposed 
instead of the Emthoven tnangle, all of them 
rectangular In these cases the electrodes are 
apphed on the body m such a way, that the hnes 
connectmg them are mutually perpendicular and 
parallel to the axes-^of the above mentioned 
“natural” co-ordmate system (Schellong, 1939, 
Sulzer and Duchosal, 1945, Trocm6, 1946) As an 
argument m its favour it is sometimes put forward, 
that It IS simpler, but it is not always realized that 
these systems are just as arbitrary as the equilateral 
tnangle of Emthoven Measurements on a phan- 
tom mdicate that from a quantitative standpomt, 
these systems do not improve matters In our 
opimon the lucky hit of Emthoven comes nearer to 
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the true state of ajQFairs than the rectangular systems 
mentioned above 

From some sides objections are raised against 
phantom measurements Indeed we shall appreciate 
every suggestion for improvements on our phantom 
Takmg mto account the mtemal structure of the 
human body, this might be a rational way to 
approach the truth nearer and nearer as regards the 
numencal values of the coeffiaents a, b, c 

The attempts made by physicians to give the 
relation between heart-vector and leads have alwaysr 
led to geometncal representations (tnangle rule, 
rectangular systems, equilateral tetrahedron) From 
these representations the analytical conclusions are 
drawn only m the second place and the result is 
given as a formula This, however, is a non- 
physical hne of thought The physical laws, 
govemmg the electnc current density m the trunk as 
a consequence of the heart action, are of an analytical 
nature and this is also the case with their general 
consequence equation (1) One can proceed from 
this equation and it suffices m practice to find the 
heart-vector 

It cannot be demed, however, that a geometrical 
representation can be useful for the sake of an easy 
survey, but it has to be based on equation (1) 
Mathematically one has to denve from (1) the 
general geometncal representation, which is eqmva- 
lent to this equation 

Those, who are acquamted with the vector calculus 
can deduce this representation from (1) The lead 
{=potential difference) is a scalar (undirected) 
quantity, i e a quantity characterized by only one 
smgle number, mdependent of the choice of the 
direction of the co-ordmate axes * The quantities 
X, Y, Z are vector components deterrainmg together 
the heart-vector The value of each of these 
quantities depends on the choice of the direction of 
the axes With another choice of the axes, there- 
fore, we have three other components X', Y', Z' 
Theu resultant, however, is the same heart-vector 
Choosing other duections of the axes, the com- 
ponents X, Y, Z will vary, while aX-\-bY-\-cZ must 
remam the same Therefore, a, b, c must vary too, 

1 e depend on the direction of the axes It can be 
proved that they are the components of a vector 

(a, b, c) The relation between this vector (a, b, c), 

the heart-vector (X, Y, Z) (or H) and the scalar 
lead can be represented geometncally The lead is 

—V '■ ^ 

the product of the projection of H on (a, b, c) and 
the length (a, b, c) of this last vector tp bemg the 

* Other examples of scalar quantities are temperature, 
mass, time 


angle between the two vectors, this relation can be 
denoted m a more symmetrical form 

Lead = H (a, b, c) cos y> (2) 

This formula is analogous to the weU-known rela- 
tion 

work-force x displacement X cos (p 

The work is the scalar product of force and displace- 
ment just as m our case the lead is the scalar product 

— >- ^ 

of the vector (a, b, c) and heart-vector H 



Fig 1 — A. lead is the product of the projection of the 

-V V 

heart-vector H on the vector (fl,b,c) and the length 
of the latter 


To determme-^, F, Z (i e H) we need three equa- 
tions of the type (1) and, therefore, three leads 
(mutually mdependent) For simphcity we shall 
suppose that they have one electrode m common, 
for which as a rule the left leg (F) is taken If the 
potential differences between three electrodes and F 
are known, we have three equations (1) to solve the 
three unknowns Z, Y, Z Interpreted geo- 
metncally^ this means that there are three vectors 

(a, b, c), ongmating m a common point, correspond- 
mg to F (Fig 2) The end points of these 
vectors correspond to the other three electrodes 1,2, 
and 3, the position of which can be chosen arbi- 
trarily The pomts F 1 2 3 form a non-equilateral 
tetrahedron, the shape of which depends on the 
position of the electrodes on the body The 
position of the tetrahedron, i e the direction of its 
edges with respect to the body is fixed, but it is 
obvious that its place may be chosen arbitrarily 

This tetrahedron makes it possible to represent 
geometncally the relation between heart-vector and 
leads In order to determme lead (12), for example, 
the heart-vector must be projected on the edge (12) 
and the projection must be multiplied by the length 
of this edge (formula 2) 

For a descnption of a general relation between 
heart-vector and leads a restriction to the three points 
1, 2, 3 IS not allowed With each pomt on' the 
surface of our body corresponds a point in the space 
of the tetrahedron FI 23 All those pomts, 4, 5, 6, 
together form a surface, on which are also situated 
the pomts F 1 2 3 An arbitrary point, say 10, can 
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descnbed 

be determined with the aid of the phantom m the 
foUowmg way In this phantom an electrode is 
applied m a position corresponding to the position 
of the electrode 10 on the body of the patient On 
the phantom lead 10 JF, i e the potential difference of 
the electrodes 10 and F, ansmg from the known 
components X, Y, Z of the vector of the artificial 
heart, is measured The proportionahty of actors 
OloibiojCio, the lead is given by 
Lead 10 F—OioX+bioY+CioZ 
In the space of the tetrahedron F 1 2 3 the vector 

<^io>bio>Cio IS drawn, the end-pomt of which has the 
co-ordinates Oio.bioiCio This pomt is the “ image ” 
of the position of the electrode 10 on the surface of 
the body of the patient The above mentioned 
surface, formed by all image-pomts (Fig 3) can be 
used as follows, to find the relation between the 
heart-vector and any lead Let p and q be two 
arbitrary positions of electrodes on the surface of the 



’^IG 3 — Surface m the image-space, corresponding to the 
surface of the human body X, Y, Z=co-ordinate 
axes, r and s==images of two electrodes, which give a 
potential difference, depending on the T-component 
of the heart-vector only, 

body These give on the surface of Fig 3 the 
“ image-pomts ” p, q Now, lead pq equals the 
product of the projection of the heart-vector, drawn 
in the correct direction m the image-space, on the 
hne pq and the length of this hne (formula 2) It is 
possible to reverse this process and to deduce in a 
way, which we shall not explam here, the heart-vector 
from three leads, the image-surface of Fig 3 bemg 
given 

An electrode withm the body has also an image- 
pomt which can be found with the aid of the 
phantom Such pomts are situated m the image- 
space outside the surface of Fig 3 so that, the nearer 
the electrode mside the human body is to the heart, 
the farther away they he 

In a precedmg paper (Burger and van Milaan, 
1947) pans of electrodes on the surface of the 
human body are mentioned, givmg a potential 
difference that depends on one component of the 
heart-vector only Then m equation (1) two 
coefBcients are zero eg Lead~aX The geo- 
metncal representation enables us to take a simple 
view of the problem If a lead for example has to be 
found depending only on the postero-antenor com- 
ponent Y of the heart-vector, the projections of the 
X and Z component on the Ime jommg-the image- 
pomts of the electrodes must be zero This fine, 
therefore, in the image must be parallel to the Y- 
axis In Fig 3, r and j are the images of electrodes, 
fulfillmg this requirement. The relation between 
the position of the electrodes and the unage-pomt 
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being known, the place where the electrodes must be 
apphed is determined It follows from the figure, 
that an mfimte number of combmations rs meet the 
reqinrement It is possible to choose one electrode 
for instance arbitrarily The other one (s) is found 
as the point of intersection of the Ime rs (parallel to 
the y-axis) and the surface of the image To use 
this method efiBciently a practical combination must 
be chosen out of the infinite number of possibihties 
This geometncal representation can serve also 
for elucidatmg the meanmg of the central tenmnal, 
introduced by Wilson (1935) This electrode 
IS not apphed on the surface of the body, but is 
the junction CT (Fig 4) of the ends of three 
equal resistances connected to the electrodes R, L, 
and F If these resistances are high enough, it is 
easily proved, that the potential of CT is the mean 
of the potentials of the electrodes R, L, and F As it 



CT 


Fig 4 —The central terminal CT is the junqtion of the 
ends of three equal resistances r, connected to the 
electrodes R, L, and F 


IS not the potential itself that matters, but only the 
potential diflFerences, it is formulated better by saying 
that the potential difference of CTand an arbitrary 
electrode is the mean of the potential differences of 
R, L, and F and this electrode 
It can be proved, that it is possible to mdicate a 
pomt m the unage-space (Fig 3) corresponding to 
the central terminal This image-pomt is the centre 
of gravity of tnangle RLF This pomt can be used 
for the geometncal determmation of leads just as was 
explained above for pomts on the image-surface 
The unage-point of the central temunal is 
situated mside that part of the image-space, that is 
enclosed by the image-surface It is a pomt, that 
does not possess the special properties of the upper 
or lower side, the nght or the left side of the image- 
surface Inside this it occupies a more or less 
central position, ignormg the fact that the surface 
image at the front of the plane RLF (and of CT) has 
a much greater extension than at the back The 
unage has a pigeon breast 
Interpreted geometncally m this way, the central 
position of Wilson’s central termmal seems to be 
explained satisfactorily A more exact defimtion 
of a central pomt, m which not only the points RLF 
are involved, but all the pomts of the surface of the 
body, IS possible but seems to be hardly worth while 
It may be asked whether it is possible to obtam a 
point of mean potential with three electrodes other 
than RLF m such a way, that this pomt has no 
potential difference with the central termmal This 
can be realized fairly approximately by exjieriment 
(personal communication by J B KJeyn) It can 
moreover be deduced from our geometrical consi- 
derations, that this can be obtamed exactly and 
even m an mfimte number of different ways For 
there are an mfimte number of tnangles in the 
unage-space, of which the angular pomts are situated 
on the unage-surface and of which the centre of 
gravity comades with the image-point of the central 
termmal This, however, does not hold good for 
the image of the central terminal only, but for every 
pomt mside the image-surface 
In the precedmg it has always been supposed, that 
the dimensions of the heart are very small compared 
with those of the trunk In reality this is not the 
case so that the unage-surface will depend on the 
position of that part of the heart muscle, of which 
the action is being studied Companng diametn- 
cally situated parts of the heart-muscle (e g heart 
pomt and heart base) this difference is appreciable 
as revealed by measurements on a phantom But 
on the average the distances are much smaller 
so that m a first approximation this effect may 
neglected This, however, holds good only if the 
electrodes are applied at a rather large distance from 
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the heart, as is the case for R, L, and F A prre- 
cordial electrode, however, will be situated too near 
to the heart The part of the heart muscle near the 
thoracic wall will contribute to the praecordial lead 
relatively more than the other parts It is true that 
this reduces the value of the preceding considera- 
tions But on the other hand it may enable one to 
find the place of disturbances in different parts of 
the heart muscle This is understood quite well 
by physicians and it is for this very purpose that 
the praecordial leads are recommended But the 
relation between the place of the defect and the 


electrocardiogram is determined in an empirical 
way only A more correct comprehension of this 
relation is only to be obtained by a generalization of 
the exact physical treatment of the problem 

Summary 

The relation between heart-vector and leads can 
be represented geometrically This repfesentation 
IS a generalization of Einthoven’s triangle It is 
possible to elucidate the meaning of the central 
terminal, proposed by Wilson 
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Ventricular escape can be produced by depression 
of the sino-auricular node as a result of digitalis 
therapy, marked sinus arrhythmia, sinus bradycardia, 
or pressure on a hypenrritable carotid sinus, or by 
hypenmtability of the aunculo-ventncular node 
The latter type is the one referred to here It is 
differentiated from aunculo-ventncular dissociation 
due to complete heart block by the fact that the 
ventricles beat at the same or a more rapid rate than 
the auncles There is no general agreement about 
the ultimate mechanism of its production The 
most likely and usually accepted cause is irritation 
of the node by adjacent pathological changes, such 
as transient oedema around a rheumatic nodule or 
cellular infiltration of the node with or without 
endarteritis in the small vessels supplying it (Gross 
and Fned, 1936, quoted by Stem and Bartlett, 
1946) Stimulation of the sympathetic or paralysis 
of the vagus supply to the node consequent upon the 
same rheumatic process could have a similar effect 
There is also no agreement as to its significance m 
prognosis Dressier (1930) found that it occurs 
dunng the course of acute articular rheumatism 
Stem and Bartlett (1946) state that it must not be 
regarded as an expression of the natural cardiac 
mechanism, that it is transient, and that it probably 
bears no relation to the outcome of acute rheumatism 
They state, however, that once a complete heart 
block has been excluded it is reasonable to give a 
good prognosis Wendkos and Noll (1944) had 
previously arrived at the same conclusion Cutts 
0937) does not concur but agrees with Richardson 
(1915) that aunculo-ventncular dissociation due to 
ventncular escape is not of itself senous but that it 
is frequently associated wth severe infection or 
severe and chronic heart disease 

Two cases of acute rheumatism have recently been 
seen at Alder Hey Hospital exhibiting ventncular 
escape 

Case Notes 

Case 1 This patient was a girl of 1 1 years who 


had suffered with recurrent attacks of tonsillitis 
until the age of 7, when her tonsils were removed 
From that time until six days before admission to 
hospital she had no further attacks She was sent 
home from school complaining of a sore throat and 
pam m the back and thighs On the day of admis- 
sion the pam m the legs, particularly the knees, was 
severe enough to make her cry if moved 
On examination the temperature was 99 4° F , and 
the pulse rate 128 a mmute She was thin, pale, 
and apprehensive, there was no dyspnoea nor 
cyanosis The throat was slightly injected with no 
visible tonsdlar tissue and no membrane The 
tonsillar glands were a httle enlarged and tender 
Both knees were painful on movement, which was 
limited to 45°, and tender to touch There was no 
redness or swelling and rheumatic nodules were not 
found The pulse was generally regular with oc- 
casional periods of irregularity The heart apex 
beat was in the fifth left mtercostal space, 6 cm from 
the midline, the heart sounds were all softened and 
there were no murmurs Auscultation revealed the 
same cardiac arrhythmia as the pulse, which was 
considered to be due to extrasystoles 
The condition was diagnosed as acute rheumatism 
and treatment was begun with sodium sahcylate, 1 5 
grams, and sodium bicarbonate, 20 grams, four- 
hourly, this was continued for four weeks 

On the day following admission pain in the 
knees was less, but she complained of a dull pne- 
cordial pain which was eased by cataplasma kaolin 
The cardiac rhythm was regular, no change had 
taken place in the heart sounds Two days after 
admission the pam in the legs and pirecordium had 
gone, and her general condition had improved 
The cardiac rhythm, however, was usually irregular 
except for brief periods The rate was still 110 to 
130 a minute, in spite of this rapid rate the irregu- 
lanty was typical of extrasystoles A cardiogram 
showed aunculo-ventncular dissociation, auricular 
rate 83 a minute, ventricular rate 107 a minute 
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Fig 1 — Case 1 Ventncular escape Auncularrate 83 a minute, ventricular rate 107 a minute 


(Fig 1) On the fourth day the cardiac rhythm was 
quite regular at a rate of 92 a minute The first 
apical sound was softened but the others were now 
clear and much louder The general condition con- 
tinued to improve and by the end of another week 
the quality of all the heart sounds was good, but a 
soft localized apical systohc murmur had become 
evident Five weeks after admission, cardiac ir- 
regularity typical of extrasystoles was agam noted, 
the rate being 75 a minute This was the only oc- 
casion on which irregularity had been found since 
the second day after admission A cardiogram 
showed sinus arrythmia and two dissimilar ven- 
tricular extrasystoles At the end of the sixth week 
HI hospital she was regarded as convalescent and 
five weeks later she was discharged The heart 
so^ds were normal but the apical systolic murmur, 
still soft and localized, persisted The cardiogram 
'vas normal The E S R , which had been 92 mm 
in the first hour (Westergren) on admission, was now 
Him , and X-ray examination showed a normal 
cardiac outline 

Case 2 A gir], aged 8 years Apart from scarlet 
ever at the age of five she had been well until 7 days 
ore admission when she complained of severe 
Win behind both knees and was unable to walk 
e pain subsided after 24 hours For the next 
complained of stiff knees on waking up 
e mornings and occasional fleeting pains dunng 
Q 


the day She was feverish for two to three days 
before adnussion 

On examination the temperature was 101° F , and 
the pulse rate 124 a minute She was flushed and 
the skm was hot and dry There was a fading 
erythema marginatum on the front of the chest and 
abdomen The tongue was furred but the throat 
appeared healthy The movements of the knee 
jomts were full and there was no swelling or redness 
The pulse was regular, the heart apex beat in the 
fourth left intercostal space 6 cm from the mid- 
hne, the pulmonary second sound accentuated, and 
there was a soft blowing apical and basal systohc 
murmur No abnormality was found in the lungs or 
abdomen, and there were no rheumatic nodules 
though a few were found late in the illness on the 
wnsts and elbows A diagnosis of acute rheumatism 
with rheumatic carditis was made and treatment 
with calcium aspirm, 10 grains, 1 1 d , was begun 

The temperature settled after two days and the 
sleeping pulse rate fell to about 80 a mmute X-ray 
exarmnation showed the cardiac outline to be normal 
and the E S R was 79 mm (Westergren) Progress 
was good for 4 weeks but choreiform movements, 
which contmued for 2 weeks, were then noticed, and 
an aortic diastolic murmur was heard The blood 
pressure m the arm was 100/70 mm Calcium 
aspmn was replaced by sodium sahcylate, 15 grains, 
and sodium bicarbonate, 20 grams, four-hourly 
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Eight weeks after admission to hospital, the apex 
beat was located in the fifth left intercostal space 
9 cm from the midline, and a late diastolic murmur 
of low rumbling quality was heard at the apex The 
child was pale and apathetic during the succeeding 

2 weeks then the temperature which had been normal 
for 8 weeks rose to 102 4° F , but settled again after 

3 days The pulse rate which had remained steady 
below 90 a minute increased to 120 to 130 a minute 
and the heart apex beat had become diffuse and 
tumultuous, 10 cm from the midline A fleeting 
scratchy pericardial friction rub was audible in the 
second left interspace adjacent to the sternum, this 
was heard on and off for the next 7 days The 
erythrocyte sedimentation rate was 83 mm and an 
X-ray examination now showed marked generalized 
cardiac enlargement The pulse rate continued 
between 120 and 130 a minute, and the blood pres- 
sure 105/20 mm Her general condition improved 
somewhat and remained so for another three weeks 
She then suddenly became dyspncEic and ashen grey 
in colour The pulse rate rose to around 150 a 
minute, the rhythm being grossly irregular Auricu- 
lar fibrillation was diagnosed but a cardiogram 
showed A-V dissociation with regular auricular 
rhythm at a rate of 150 a minute The ventricular 
rate was approximately the same with occasional 


slowing At these times the sino-auricular node ap- 
peared to take charge of the ventricle, the P-R 
interval being 0 2 sec (Fig 2) Digoxin was ad- 
ministered for 48 hours On the next day slight 
pretibial osdema occurred and the liver had become 
enlarged to two fingers’ breadth below the costal 
margin and was very tender The pulse rate had 
dropped to 100 a minute, the rhythm still being 
irregular, but the character of the irregularity had 
changed to one in which every sixth beat was 
dropped Auscultation revealed a similar rhythm 
but whereas every sixth beat was missing at the pulse 
the normal heart sound was replaced at these times 
by a solitary faint clicking sound, only audible at the 
base Later in the day the heart rate rose to between 
130 and 140 a minute but otherwise no change oc- 
curred On the following day the heart rate was 
regular but a loud pericardial friction rub was heard 
at the base of the heart The liver was a little 
smaller and not so tender A cardiogram showed 
that the rhythm was normal at the rate of 136 a 
minute The P-R interval was prolonged to 0 2 sec 
(Fig 3) A week passed, her general condition was 
very poor but remained stationary The cardiac 
rhythm was found to be irregular again with every 
sixth beat missing, rate 140 to 150 a minute 
Auscultation revealed the same clicking sound 
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Fig 3 — Case 2 Norma! sinus rhythm P-R interval 0 2 sec 


replacing every sixth normal beat The pericardial 
friction rub could now be plainly heard all over the 
prascordium On the next morning she collapsed 
and died in 15 minutes 
Necropsy Moderate wasting 
Heart Marked fibrinous pericarditis with but a 
small amount of fluid present There was dilatation 
of both ventricles with softening of the myocardium 
The mitral valve showed typical rheumatic vegeta- 
tions along the line of closure a “ MacCallum 
patch ” was present and a more generalized roughen- 
ing of the endocardium of the left ventricle towards 
the apex The aortic valve was incompetent with 
recent rheumatic vegetations on the cusps Tri- 
cuspid and pulmonary valves appeared normal No 
evidence of previous rheumatic valvulitis 
The lungs showed a few subpleural petechite only 
The Iner was enlarged and congested, the cut 
surface showed ‘ nutmeg ” change 
The spleen was enlarged by one and a half times 
normal size, the pulp firm with prominent follicles 
The kidnevs showed no gross abnormality 
Other abdominal and pelvic viscera were normal 

The Diagnosis of Ventricular Escape 
In the senes of cases reported there would appear 
to be no specific signs or symptoms that could be 
attnbutcd to ventricular escape alone White (1916) 
noted that one of his patients complained of palpita- 
tion and he found a cardiac irregulanty that he 


ascribed to auricular extrasystoles Wilson (1915) 
had three patients who complained of intense palpita- 
tion during expenmentally produced A-V dissocia- 
tion Cutts (1937) mentions only one of his twelve 
cases as having subjective symptoms (“ a jumping 
feeling in her chest ”) but a number of them had 
unspecified cardiac irregularities Five of the twelve 
had a first heart sound that varied from being 
softened to loud and snapping Stein and Bartlett 
(1946) hold that a diagnosis cannot be made on 
clinical grounds, although auscultation may reveal 
an irregularity of rhythm similar to premature con- 
tractions or second degree heart block There may 
be no irregularity recognizable clinically Sudden 
rapid pulsation of the neck veins is said to be visible 
on occasion All the cases described in association 
with acute rheumatism would appear to have 
developed ventricular escape early in the course of 
the illness 

The first described here had no symptoms and her 
arrhythmia was thought to be due to extrasystoles 

The second case was most unusual because, firstly, 
the ventricular rate was much more rapid than in 
others described (generally it is between 80 and 1 10 
a minute), and the irregularity was therefore taken 
to be due to auncular fibrillation, and, secondly, 
there was acute cardiac failure with dyspnoea, oedema' 
and a rapidly enlarging, tender liver 

The discovery of an irregular rhythm with or 
without subjective symptoms, especially if associated 
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with a varying quality of the first heart sound and 
occurring in the course of acute rheumatism, usually 
early, should lead one to consider the possibility of 
ventricular escape and have an electrocardiogram 
recorded 

The SiGNincANCE of Ventricular Escape 
IN Acute Rheumatism 

It seems generally agreed that ventricular escape 
occurring early in the course of acute rheumatism is 
transient and not in itself serious, and as all the 
cases with rheumatic carditis in the series quoted seem 
to have recovered in two months or so, it would not 
seem to indicate severe rheumatic carditis Case 1 
further supports this view The ventricular escape 
in Case 2, however, occurrmg late in the course of 
severe rheumatic pancarditis, may have been respons- 
ible for the onset of acute cardiac failure Further- 
more although the second cardiogram taken when 
the rhythm was clmically regular showed no A-V 
dissociation, the subsequent clinical findings up to 
the time of death would suggest that it recurred It 
IS therefore suggested that in this particular case 


death was almost ceitamly due to severe pancarditis, 
though the A-V dissociation due to the ventricular 
escape may possibly have hastened the end 

Further electrocardiographic studies in cases of 
severe rheumatic carditis with cardiac failure, even 
when the rhythm is clinically regular might reveal 
that ventncular escape is more common and of more 
serious import than at present supposed 

Summary 

Two cases of ventncular escape occurring during 
the course of acute rheumatism are described One 
occurred early in the illness and is considered to be 
of little significance The other occurred late in the 
course of severe pancarditis and it may have been 
responsible for the onset of acute cardiac failure 
The auricular and ventricular rates in this case were 
unusually rapid 

I wish to thank Professor N B Capon and Dr E 
Noble Chamberlain for their helpful advice and cnticism 
during the preparation of this paper, also Dr W E 
Crosbie, Medical Supenntendent of Alder Hey Children’s 
Hospital for permission to publish these cases 
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Bemheim (1910, 1915) first drew attention to the 
occurrence of n^t heart failure as a result of 
mechanical obstruction produced by bulging of a 
hypertrophied interventricular septum into the nght 
ventncle A number of cases were later described 
by French and by Latin-Amencan waters (Laubry, 
1924, Martmi and Joselwick, 1927, Bullnch, 1927 
and 1928, Patiro-Mayer and Mazzei, 1928) Until 
recently, however, the condition has received httle 
attention elsewhere Fishberg (1937) refers to it in 
his book on heart failure, Glushem and Geer (1944) 
report one case, and Russek and Zohman (1945) 
descnbe three, of which two were diagnosed durmg 
life The usual cause is hypertrophy of the septum 
occurnng as an integral part of concentnc left ven- 
tncular hypertrophy m cases of hypertension or 
aortic valvular disease The diagnosis can be made 
climcally where isolated nght ventncular failure 
develops with a lesion that ordmanly causes left 
ventncular or combmed failure 

Rupture of the mterventncular septum is an oc- 
casional sequel of coronary occlusion Wood (1944) 
found thirty-eight reported cases of which eight were 
diagnosed dunng hfe Rupture generally took place 
between the third and twelfth days The onset was 
associated with substemal pain and shock, followed 
by appearance of a murmur and thnll Cyanosis 
and dyspnoea were present in all reported cases except 
that of Wood herself, and death commonly resulted 
from nght ventncular failure Only seven patients 
lived longer than four weeks, though one survived 
for four years and ten months 
The present case differs from those in Wood’s 
senes in that the rupture of the mterventncular sep- 
tum was incomplete A dissecting aneurysm 
developed m the septum itself and produced bulgmg 
into the cavity of the nght ventncle with obstruction 
of its outflow tract and signs of nght ventncular 
failure 


Case Report 

Miss K , aged 59, had enjoyed good health save 
for one illness at the age of 49 when she had severe 
urticana with vomiting for several weeks She had 
no cardiac symptoms pnor to Apnl 5, 1946, when 
she felt sick, vomited, and had pam in the back 
between the shoulder blades Pain persisted and 
she agam vomited on Apnl 9, on which day she first 
summoned Dr McNab, who found no abnormality 
of her heart or lungs She remained in bed for a 
week and during the next ten days she was up, gomg 
about slowly, her pam had subsided and she seemed 
convalescent On April 26, she suddenly became 
breathless but did not send for the doctor until the 
followmg day when he noted “ extreme pallor, with 
systohc and diastohc murmurs that had not pre- 
viously been present ” From this time pallor per- 
sisted and breathlessness became more severe, but 
she had no further pam until the day of her death 

She was first seen by me on May 6, 1946 She 
was of average nutrition with grey complexion, pale 
cyanosed hps, pale conjunctivae, and breathlessness 
TTie jugular vems were distended and there was 
lumbar oedema The liver was enlarged, extending 
4 cm below the costal margm The tongue was dry 
and furred , a faint smell of acetone was noted from 
the breath Coarse rales were present over a hmited 
area at the base of each lung The pulse was of 
very poor quahty, barely perceptible, and it was 
impossible to obtain a blood pressure readmg The 
heart rate was 96 A feeble cardiac unpulse could 
be felt, but there ^vas no thnll, the apex was 11 cm 
from the nudlme, and the percussion dullness was 
increased both to nght and to left The first heart 
sound was totally obscured by a loud blowing mur- 
mur which contrasted sharply with the feeble 
impulse and barely perceptible pulse, the murmur 
was heard over a very wide area both m the front and 
back of the chest, its intensity was maximal along a 


* Communication to the in Inter-Amencan Congress, June 1948 
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Fia 1 — Antenorsurfaceoftheheart.showmgdiscoloured 
swollen area produced by the septal dissecting 
aneurysm Along the left border just above the 
apex, an area of slight bulging corresponding to an 
earlier myocardial infarct can be seen 



Fig 2 — Intenor of the lett ventricle and septum viewed 
from the left, showing lamellated thrombus on the 
septum, perforation with everted upper lip, hyper- 
trophy of left ventricle m its basal half, with fibrosis 
and thinning of the wall in the apical portion 


line joining the fourth left chondro-stemal junction 
to the apex The second heart sound was inaudible 
and no diastolic murmur could be heard 

The patient was admitted to hospital immediately 
Following admission she had several bouts of cough- 
ing with small haemoptyses Her condition deterio- 
rated and she died 33 hours later A cardiogram 
showed a Pardee curve of Q I, T I type with a small 
detached Q I, slightly elevated R-T I, small terminal 
inverted T I, and slightly negative R-T Ilf A 
portable X-ray suggested enlargement of the heart 
both to left and to right, the supenor vena caval 
shadow was prominent and there was moderate 
congestion of the lung fields 

Post-mortem Examination {Dr J Adler) The 
pericardium contained 35 ml of straw-coloured 
fluid 

The heart weighed 460 g On the antenor surface 


near the apex was an area of discolouration and 
swelling (Fig 1) measunng 55 x 45 mm , corre- 
sponding in position to the lower part of the inter- 
ventricular septum and the apex of the right ventricle 
To the left of this, a second area showed slight 
bulging without discolouration, the myocardium 
here was thin, clearly representing an old infarct 
scar with aneurysmal dilatation Both areas were 
covered by a thin him of fibnn 

The wall of the left ventncle was hypertrophied, 
being 23 mm thick at its base, as it approached the 
apex It became thin, its thickness being reduced to 
1 5 mm at one point, and here the myocardium 
was largely replaced by a fibrous scar The apical 
half of the interventncular septum was covered by 
lamellated thrombus, the underlying septal myo- 
cardium was necrotic In the upper and antenor 
part of the septum there was a round perforation 
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Fig 3 — Intenor of nght auricle and ventncle, photographed from the nght and below, 
so as to look into the pulmonary conus across which a glass rod has been placed 
The projecting portion of the septal aneurysm is seen on the right of the photograph, 
at the junction of the septum with the reflected anterior wall of the ventncle The 
photograph was made two years after the original examination of the specimen, 
at which time the aneurysm was opened, considerable shnnkage of the swelling 
occurred in the interval 


10 mm m diameter, its upper lip was irregular, 
ragged, and everted so as to project mto the cavity 
of the ventncle as a small flap (Fig 2) The per- 
foration led mto a dissecting aneurysm of the 
septum, after ninnmg forwards and towards the 
nght till separated from the right ventricular cavity 
by a layer of tissue only 1 mm thick, it tracked 
downwards and forwards towards the apex and an- 
tenor tvall of the nght ventncle Where it emerged 
from the septum into the antenor wall of the 
ventncle, it produced the area of sweUing and dis- 
colouration seen on the surface (see Fig 4) 

The tissue separating the cavity of the aneurysm 
from that of the nght ventncle consisted of endo- 
cardium with a thin layer of intact myocardium 
Viewed from the nght ventncle, the aneurysm 
formed an irregularly oval swelhng measuring 
38 X 28 mm , and projecting into the cavity of the 
ventncle to a depth of 15 mm (Fig 3) This w-as 
situated at the junction of the septum with the an- 
tenor wall of the ventncle, being so placed as to 
project into the proximal half of the outflow tract 
On opening the aneurysm from the nght side it was 
found to be partly filled by organizing thrombus 


The nght ventricle was distended, but not much 
hypertrophied A small amount of adherent 
thrombus was present at its apex (Fig 4) 

All valve cusps were healthy The right coronary 
artery was calcified along its entire length but was 
patent The antenor descendmg branch of the 
left coronary artery was the seat of extensive calcifica- 
tion , the vessel was much reduced m cahbre through- 
out its length, and it was occluded by a thrombus 
at a point 2 cm from its ongm TTie circumflex 
branch of the left coronary artery showed patchy 
atheromatous calcification 

Calcification was present also in the artenes at 
the base of the brain The kidneys showed fibrosis 
and hyahnization of some glomeruli The lungs 
were chromcally congested with several recent 
hsemorrhagic infarcts in each lower lobe Each 
pleural cavity contained 2(X) ml of fluid The 
remaining organs were congested 

Discussion and Summary 

Post-mortem exammation showed both old and 
recent myocardial infarcts The earher infarct had 
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Fig 4 — Interior of the right ventricle which has been opened along 
the junction of its anterior wall with the septum, m so doing the 
aneurysm has been cut through and a portion has been turned back 
with the anterior wall The cavity is approximately two-thirds 
filled with adherent thrombus, its relatiori to the area of surface 
discolouration is shown 


affected the left ventricle near the apex producing 
aneurysmal dilatation of the affected area This 
lesion was certainly of some years’ standing 
Despite the aneurysmal dilatation that followed the 
initial infarct in a woman who had clearly been 
hypertensive, there was no admission of incapacity 
or disability, and the patient’s only previous illness 
did not suggest cardiac disease 
The more recent coronary occlusion gave rise to 
infarction of the septum and appeared to correspond 
to the onset of her final illness on April 5, 1 946 It 
was not associated with pnecordial or substernal 
pain but with pain m the back Perforation into 
the septum occurred on the twenty-first day, it was 
associated with sudden breathlessness, pallor, and 
appearance of a bruit de Roger, there was no thrill 
T^e murmur, which clinically resembled that heard 
with a congemtal ventncular septal defect, is difficult 
to explain m the absence of a “ through and 
through ” perforation Two possible mechanisms 
suggest themselves, the everted upper lip of the 


perforation might have produced such a murmur, 
alternatively, it may have ansen in the nght ventricle 
from slackening of the chordae tendineae and tricuspid 
curtain, consequent on displacement of the papillary 
muscle by the aneurysm The subsequent features 
of the illness were those of progressive right ven- 
tricular failure, coupled with signs suggesting a low 
cardiac output, they are attnbuted in part to 
mechamcal obstruction of the outflow tract of the 
right ventncle by protrusion of the septal aneurysm 
into it, and in part, to disease of the myocardium 
The clmical picture was further complicated by the 
occurrence of termmal lung infarcts Death took 
place on the twelfth day after the rupture 
The fact that rupture in this case led to a dissecting 
aneurysm instead of a “ through and through ” 
perforation, seems to be related to the survival of a 
thin layer of myocardium immediately beneath the 
endocardium of the nght ventricle, the aneurysm 
tracked along the hne of demarcation between 
necrotic and intact muscle 
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Although rarely reported, cardiac aneuo'sms are 
not purely pathological curiosities that are dis- 
covered by chance at autopsy They can sometimes 
be recognized during life by correlation of clinical 
and radiographic findings Thus, a history of 
anginal pain, followed by pericarditis and recovery, 
should suggest the possible development of a parietal 
aneurysm of the heart, if the patient survives long 
enough Further, m spite of the usually accepted 
view. It IS not true to assert that the prognosis of 
such chronic aneurysms is necessarily bad Thus, 
I have been able to follow the development of such a 
condition for some 13 years in a man who is still 
free from symptoms 

There are not many reports of long survival after 
the development of a cardiac aneurysm, but Laubry 
et al (1930) mention two patients who Jived 10 
and 12 years respectively, while Clerc and Des- 
champs (1931) observed survival for 13 years 
My case was that of an agricultural engineer, aged 
45, whose illness started with a series of mild anginal 
attacks, with considerable intervals between them, 
over a period of about 5 years On October 25, 
1935, after a more severe physical effort than usual, 
he developed extremely severe pnecordial pain, 
which could not be alleviated completely by any 
drugs All the clinical features of coronary 
occlusion were present — fall of blood pressure, 
thready pulse, tachycardia, cyanosis, dyspnoea, 
sweating, anxiety, etc 

Two days later, the temperature rose to 103, 
accompanied by ngors and signs of left-sided pleunsy 
Then, on the fourth day, pericarditis developed, dry 
at first, but with some effusion later 

All the symptoms diminished in intensity from the 
twelfth day onwards, the temperature returning to 
normal, perhaps as the result of giving salicylates 
The patient left the hospital 48 days after the onginal 
attack 

* Translator’s note 


The radiographic changes are of particular im- 
portance, because they have been followed over a 
a period of 1 3 years 

On the tenth day after the coronary occlusion, 
the heart was flask-shaped, and no pulsations could 
be detected, i e , the appearances were typical of 
pericardial effusion (Fig 1) 

On the forty-second day of the stay in hospital, 
the cardiac shadow itself was within normal limits, 
but there was a small triangular prominence on the 
left border of the left ventricle, which, at that time, 
was wrongly interpreted as being due to a peri- 
cardial adhesion (Fig 2) This is now known to 
have been the early stage of a panetal aneurysm 
Twenty months later, the aneurysm was obvious, 
the sac being relatively large (Fig 3) This appear- 
ance was detected fortuitously when the chest was 
being examined because of a suspicion of pulmonary 
tuberculosis , but it was not until September 18, 
1940, five years after the original attack, that the 
real nature of the condition was recognized * 

The teleradiograms taken at this time show clearly 
that the projection is continuous with the left 
ventncle, and, when screened in various positions, 
it was seen to dilate during systole of the left 
ventncle — the condition known as “paradoxical 
diastole ” These appearances, considered in con- 
junction with the history, demonstrated clearly that 
the condition was a parietal aneurysm of the heart, 
not, as had tentatively been supposed, a tumour or 
a cyst, because these do not pulsate although these 
may show transrmtted pulsation 
Thus, for a penod of five years after the attack of 
coronary occlusion, the diagnosis was uncertain, 
and had vaned from tumour, myocardial cyst, and 
even a ordinary pericardial adhesion The present 
case bears out the old aphorism that, in order to 
diagnose a disease, it is necessary first to think of it 
If we had not considered the possibility of a parietal 


Codounis makes no reference to the possibility that there may have been a pencardial 
adhesion, which played a part in causing the subsequent aneurysm 
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Fig I — 31/10/35 Pericardial effusion after cardiac Fig 2 — 3/12/35 (42 days after cardiac infarction) A 

infarction small projection is seen on the left lateral wall of the 

left ventricle 



Fig 3 — 3/8/37 A large aneurysmal sac is Msiblc 


Fig 4 — 18/7/40 The sac is still present, but show^ i 

rather diffuse edge 
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aneurysm, we should not have attempted to demon- 
strate It by looking for paradoxical diastole a 
further proof, if one be needed, of the value of 
screening in cardiology 

Fig 4, which was taken seven years after the 
attack of pericarditis, shows slight decrease in the 
size of the sac, which still shows the phenomenon 
of paradoxical diastole, although its density has 
changed a little, now being different from that of the 
ventricle Oddly enough, paradoxical diastole was 
even more striking than at earlier examinations 

Towards the end of 1945, fifteen years after the 
beginning of the illness, the patient, who felt per- 
fectly well, showed no clinical signs of heart disease 
except occasional slight anginal pain on exertion or 
after repeated bending From this time onwards, 
there has been little change m the radiographic 
appearances, except that the sac shows areas of 
increased density, which are, presumably, due to 
calcification a feature which was more easily 
recognized on screening than in films In spite of 
this, pulsation of the aneurysm was still distinctly 
visible 

In our view orthodiagraphy is of less value than 
teleradiography and kymography, mainly because 
of the subjective element m the former, which leads 
to considerable differences between the ortho- 
diagrams made by different radiologists, even on 
the same day 

It seems clear that the radiographic history of the 
cardiac aneurysm recorded here has all the features 


that would be expected from our knowledge of 
myocardial infarction And the fact that the 
aneurysmal sac plays only a passive part dunng 
ventricular systole is consistent with the replace- 
ment of muscle fibres by scar-tissue 
Differential diagnosis is not difficult in cases in 
which the phenomenon of paradoxical dilatation of 
the aneurysmal sac can be detected, but, if the con- 
tents become thrombosed or the wall becomes 
calcified, this may disappear Then, the possibility 
of such conditions as hydatid cyst, neoplasm, peri- 
cardial diverticulum, etc , will need to be considered 
Again, large aneurysms of the heart may cause 
such great alteration in the cardiac outhne as to 
cause possible confusion with pericardial effusion, 
but the invisibihty of the heart-beat in that condition 
should prevent mistakes 

Finally, coronary aneurysms present an identical 
radiographic apjjearance, but usually occur on the 
right, whereas parietal aneurysms are almost in- 
vanably left-sided Then also, coronary aneuiysms 
are due to syphilis and develop insidiously, without 
any history of the type found in coronary throm- 
bosis 

Summary 

A case illustrating the development of an aneurysm 
of the heart-wall during a period of 13 years is 
recorded in detail, and special attention is drawn 
to the occurrence of paradoxical diastole as an 
important diagnostic feature 
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The U wave, when first recognized by Einthoven 
(1906) in the earliest days of electrocardiography, 
was considered by him to be pathological Since 
then the normality of upright U waves, except 
perhaps in cases where they are unusually high 
(Katz, 1946), has been generally conceded Various 
hypotheses have been advanced to explain the U 
wave, of which the most satisfactory is that of Hoff 
and Nahum (1938) who concluded on experimental 
grounds that it undoubtedly forms part of the 
ventricular complex, and is coincident in time with 
the supernormal phase 

The number of papers on the chnical significance 
of the U wave is small, and reflects the scant attention 
that seems to have been paid to it by most cardio- 
logists Important articles however are those of 
Nahum and Hoff (1939), Papp (1940), and Solarz 
and Elek (1943), and to them the reader is referred for 
comprehensive reviews of the subject 

Inversion of U has been considered pathological 
by most authors Nahum and Holf found it m 
association with coronary, rheumatic, hypertensive, 
and pulmonary heart disease Papp reported it in 
coronary disease and in hypertension Solarz and 
Elek found 94 cases of U wave inversion in 1000 
cases studied, they report on its association with 
the left heart strain pattern, intraventricular block, 
and anterior and posterior wall infarction 


made as soon afterwards as possible Table I shows 
the degrees of U wave positivity and negativity both 


TABLE I 

The U Wave before and after Exercise 
IN Angina Pectoris 



Lead Lead Lead 

Lead 

Lead 

Lead 

Case 

I 

II 

Ill 

CF2 

CF4 

CF 5 

1 Before 

0 

0 

+ 

-b 





After 

— 

+ 

+ -b 





— 

2 Before 

0 

+ 

4“ 


+ 


After 

* 

-f 

+ 


— 


3 Before 

+ 

-h 

0 

-b 

-b 

-b 

After 

— 

+ 

+ 

— 



4 Before 

0 

0 

■f 

+ + 

-b 

_ 

"After 

— 

0 

+ 

-b 


— 

5 Before 

_ 

-f 

-t- 

— 




After 

± 

-b 

+ 



— 



6 Before 

0 

— 

— 

0 



0 

After 

* 

* 

* 

— 




7 Before 

0 

— 

— 

+ + 

+ 

0 

After •• 

± 

— 

— 

-b + 

+ 

0 


O=isoelectnc -for— = less than 0 5 mm 

-|-=positive + + + +or = 15to20mm 

- =negative ± = diphasic 

•Pulse rate 100 or more 

••Exercise not earned to point of inducing pain. 


before and after exercise, in Table II are listed any 
other abnormal features of the electrocardiograms, 
as well as certain clinical data 


Negative U in Induced Angina In the control (or before-exercise) tracings, U was 

The writer’s interest m negative U waves was negative in one or more leads in five of the seven 
stimulated by noticing their appearance in the after- cases In two of this five U was inverted in the 
exercise tracing of a patient with angina pectoris chest leads only, in two it was inverted in both chest 
Subsequently six further such patients were found and limb leads, and m one in limb lead? only 

All were males, and in all of them pain was easily It w'lll be seen from Table I that in the six cases 
induced by effort None gave a history of a in which exercise w'as carried to the point of inducing 
prcMous chnical attack of coronarj occlusion Six pain, U became, after exercise, either (a) more 
of the seven had hypertension, all had cardiac negative if it was already inverted, (b) negative in 
X-ra> silhouettes that were within the normal range additional leads in which it had previously been 
In all except one (Case 7) test exercise was gixen to positixe or isoelectric, or (c) both (a) and (b) 
ihe point of just inducing pain, and the tracing was Maximum negatnitj in these six was always in one 
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TABLE II 


Findings, in Seven Patients with Angina Pectoris showing U Wave Inversion 


Case 

Age 

BP 

Duration of 
Angina 

Electrocardiogram 

Before Exercise After Exercise 

1 

46 

250/130 

2 mth 

Intraventricular conduction defect 
(QRS=0 1 1 sec ), T negative in I, 
CF 2, CF 4, and CF 5 

Depression RS-T m I, less nega- 
tivity T in chest leads 

2 

65 

190/95 

1 yr 

Diphasic T in CF 4 

Depressed RS-T in II and III, 
positive T in CF 4 

3 

43 

160/105 

2yr 

None 

Depression RS-T in CF 4, “ coron- 
ary ” type positive T waves in 
CF 4 which later became negative 

4 

61 

170/190 

10 yr 

Diphasic T 1 and T II, negative T 
in CF5 

Depression RS-T in CF 4 “ coron- 
ary ” type positive T waves in 
CF 2 and CF 4 

5 

36 

120/105 

3 mfli 

Negative T m CF 2, CF 4, and CF 5 

T positive and of “ coronary type 
in CF 2 and CF 4 

6 

43 

120/80 

3 mth 

Notching of S in CF 2, depressed 
RS-T (0 5 mm ) m CF 4 

Depression RS-T in CF 4 

7 

58 

190/90 

5yr 

None 

None * 




* Exercise not carried to point of inducing pain 


or more of the chest leads In five of them it was 
possible to recognize a pattern consisting of inver- 
sion in lead I and in the chest leads, greatest in CF 4 
with positivity of U in lead III (see Fig 1), in one 
case a positive U appeared in lead III where pre- 
viously it had been isoelectric, and in another the 
positivity of U in lead III increased This pattern 
is reminiscent of the pattern of T wave inversion 
seen m anterior coronary occlusion In another 
case U was negative in leads II, III, and CF 4 
before exercise, and after exercise became negative 
also in CF 2 and CF 5 In Case 7, where exercise 
was not carried to the point of inducing pain, U was 
negative in II and III, but positive in CF 2 and 
CF4 

In three cases there developed with exercise, in 
certain of the chest leads, an mteresting pattern 
compnsed of sharply pointed positive T waves with 
symmetrical shoulders which have previously been 
descnbed as “coronary T waves” (Katz, 1946), 
and negative U waves (see Fig 2 and 3) This 
pattern has been seen by us only m patients with 
coronary insufficiency, whether or not it should be 
considered pathognomonic of this condition will 
depend upon further observations 

A discordancy in the direction of the development 
of T wave and U wave potentials was seen in two 
patients In Case 5 (see Fig 3) the T wave had, in 
the control tracing, been negative, its change to 
positive with exercise was concurrent with the 
development of increased negativity of U Con- 
versely, in Case 3 (see Fig 2) a negative U, which 
made its appearance immediately after exercise, was 


found to disappear five minutes later at the same 
time as T became negative 

Negative U as Isolated Abnormality 
Tracings in which U wave inversion constitutes 
the only cardiographic abnormality are probably 
uncommon Nahum and Hoff (1939) reported two 
cases, but the high T wave in lead IVR in one of 
them (their Fig 8) is probably abnormal In 
Papp.’s (1940) case there is a pathologically low take- 
off of the RS-T segment in IVR Solarz and Elek 
(1943) state that “ no abnormal U waves were found 
in the absence of other abnormalities in the electro- 
cardiogram,” and that therefore “ there is not much 
diagnostic value in the recognition of U wave 
patterns ” It seems difficult however for them to 
justify this conclusion, in view of their having 
studied only tracings that had been chosen for 
their abnormality Katz (1946) observes that 
abnormalities of U rarely occur in the absence of 
abnormalities of S-T-T and believes that “ little 
clinical weight would be given to an electrocardio- 
gram in which the only deviation from the normal 
was in the U wave ” 

The writer has records of three cases in which no 
trace of abnormality other than U wave inversion 
could be made out The first patient (see Fig 4) 
suffered from Paget’s disease and severe hyperten- 
sion, and at the time that the tracing was made was 
actually m congestive failure The second had 
angina pectoris (Case 7 of present senes) The third 
was a patient suffering from polycystic kidnej disease 
with uitemia and severe hypertension 
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Fig 3 — Case 5 Lead CF 4 (A) 

Before and (B) after exercise 
Note development with exercise 
of positive "coronao' T” con- 
currently with increase in neg- 
ativity of U 



Fig 4 — Case 8 See text Note U wave inversion as 
only abnormality negative U in I and II and in the 
leh chest leads with diphasic transition U wa\e m 
CF3 


and CF 4, with upright or isoelectric U waves m 
leads II and III 

In Case 1 of the present senes QRS had a duration 
of 0 1 1 sec and its configuration was of indeter- 
minate type The patient’s pain was easily induced, 
and appeared when the heart rate had risen from 62 
to only 75, the sole significant resulting cardio- 
graphic changes were pronounced alterations in the 
U wave (see legend, Fig 1) It is difficult not to 
conclude that the U wave changes here, and perhaps 
also those found in other cases where there was 
an associated intraventricular block, are actually 
related to myocardial alterations rather than to 
conduction defects as such 

Variation of R-U Duration 

We have not been able to corroborate Papp’s 
(1940) observation that with exercise the R-U time 
remains relatively constant irrespective of the heart 
rate On the other hand we found in two of our 


cases that R-U was shortened by as much as 0 12 
sec during exercise, even though the heart rate 
increased only from 62 to 80, and from 65 to 85 
respectively 

Summary and Conclusions 
The appearance of temporary U wave inversion 
during anginal attacks induced by exercise is 
described 

The pattern of U wave inversion seen most 
frequently is made up of negativity in lead I and in 
the left chest leads, and positivity in lead III 
The association in individual chest leads of sharply 
pointed, symmetrical, positive T waves with inverted 
U waves in patients with angina pectoris during 
exercise is described 

Discordancy in direction of development of Tana 
U may occur in the chest leads during exercise 
Four cases are described of inversion of U m one 
or more leads as an isolated electrocardiographic 
abnormality 
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A B 

Fig 5 — Case 9 Woman, aged 39, with mitral stenosis 
Tracings taken (A) dunng digitalis therapy and (B) 
ten days after cessation Note that T IV has become 
positive but that negative U waves in I and IV have 
persisted 


ln\ersion of U when seen in tracings showing 
bundle branch lesions is probably the result of 
associated myocardial damage rather than of the 
conduction defect as such 


The R-U time interval may decrease as the heart 
rate increases 

Inversion of U m one or more leads should always 
be considered pathological 
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Experience of beriberi occurring among British 
and Australian prisoners of war indicated that heart 
block was not infrequent 

There is no general agreement about the effect of 
thiamin deficiency on the heart, and in particular on 
cardiac conduction The only electrocardiographic 
abnormality noted by Aalsmeer and Wenckebach 
( 1 929) was a shortening of the P-R interval Keefer 
(1930) m 29 cases of beriberi noted no characteristic 
cardiographic change, though cardiac conduction 
was sometimes slightly altered 15 of the 29 cases 
had evidence of cardiac insufficiency, these showed 
enlargement of the right auricle, right ventricle, pul- 
monary conus, and pulmonary artery Jolliffe 
(1939) in expenmental thiamin deficiency found 
cardiographic changes in 2 of 5 human volunteers 
in one, sinus arrhythmia, sinus arrest, and inversion 
of T HI appeared after 1 1 days of deficiency, and 
in a second inversion of T HI appeared after 8 days 
of deficiency The changes reported by Weiss and 
Wilkins (1937) and by Dustin et al (1939) included 
tachycardia, prolongation of electric systole, low 
voltage complexes, and flattening or inversion of T 
waves Dock (1940) recorded 5 cases of idiopathic 
cardiac hypertrophy with mural thrombi thought to 
result from thiamin deficiency, in 4 of whom there 
was disturbance of conduction — right bundle branch 
block in 3 and latent A-V block in 1 case Casanova 
(1946) observed flat bifid P waves, prolongation of 
the P-R interval, and auricular fibrillation (once) in 
beriberi 

Most accounts of the pathology of the heart in 
beriberi have been limited to a description of the 
macroscopic abnormalities It is uncertain whether 
the enlargement of the right side of the heart is due 
to dilatation alone or to dilatation combined with 
hypertrophy 

Weiss and Wilkins (1937) found that the weight of 
the heart was generally normal and that there was a 
moderate dilatation of the right ventricle Wencke- 
bach (1934) and Weiss and Wilkins (1937) observed 
a hydropic degeneration of the muscle fibres 


Disturbances of A-V conduction are not men- 
tioned in most clinical accounts of beriberi and 
lesions affecting the specialized muscle of the con- 
ducting system have not been noted on histological 
examination Thus Blankenhom (1945) gave as the 
first of the criteria for the diagnosis of benberi heart 
disease “ an enlarged heart with normal sino-auri- 
cular rhythm ” 

As there is no general recognition of the appear- 
ance of conduction defects in human thiamin 
deficiency it was thought advisable to record the 
clinical impression of its not infrequent occurrence 
In t’,e light of our clinical experience it was con- 
sidered that analysis of the effects upon cardiac 
conduction of prolonged severe thiamin deficiency 
in animals would be of value and should determine 
whether the changes present had a functional or 
organic basis 

Experimental Methods 

Pigs were used since they are known to be the 
animals most susceptible to thiamin deficiency The 
animals were obtained when five weeks old The 
dietetic method was largely that of Wintrobe (1942) 
This consists of feeding a basal vitamin-free diet 
The basal diet in this experiment consisted of sugar, 
crude casein and cooking fat, and provided approxi- 
mately 150 calones per kg of body weight daily 
The daily supplements added to this diet were those 
used by Wintrobe (1943) With the exception of 
thiamin which was entirely omitted, these supple- 
ments contained synthetic vitamins and minerals in 
quantities known to be adequate to maintain the 
normal health and growth of the animals 

Four pigs were kept on this diet Two additional 
pigs used as controls were given the same basal 
vitamin and mineral supplement, and in addition 
these control pigs were given 0 51 mg of thiamin 
hydrochloride per kg of body weight daily 

Frequent electrocardiograms were obtained from 
all SIX animals Three standard leads and one chest 
lead CF 4 were used The normal variations in the 


252 



HEART IN THIAMIN DEFICIENCY 


253 



Fig 1 — ^Normal pig Standard limb leads 
and CF 4 The T wave in CF 4 is invar- 
iably upnght 


Fig 2 — Pig No 1 Standard leads and CF 4 on 
73rd day of deficiency, 24 hours before death 
Huge T \vaves and elevation of S-T segment 
m all leads 



Fig 3 Pig No 1 (A) Lead II 40th day of deficiency, showina first nf a v v.i«/.i, 

fcf I eiT’n ^ hours later showing second degree A-V bloL 

(C) Lead II 41st day of deficiency, 24 hours after iniection of 2 Smfr thiam.n d d , 
0.6, .c (D.Uadll 45,hd.yofd.fic,6„cy P-R mi“rhS wtSSSn 
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pig ivere established at the beginning of the experi- 
ment The average heart rate was 143, and the 
lowest rate recorded was 130 The rhythm in the 
normal pig was invariably regular, and m no in- 
stance was sinus arrhythmia recorded The P-R 
interval varied from 0 06 to 0 10 sec usually 0 08 
to 0 10 The QRS varied from 0 04 to 0 08 sec 


T I was frequently inverted and T II and III were 
usually upright Inversion of T in CF 4 was not 
seen in the normal pig (Fig I) 

Results 

Control pigs maintained on this regime with ade- 
quate daily thiamin allowance remained healthy 



Fic, 4 — Pig No 2 (A) Lead IV 49th day of deficiency showing sinus arrest and inversion of T 

IV (B) and (C) Leads I and IV 77th day of deficiency showing complete heart block and 
elevation of S-T segment in lead LV (D) Lead U 77ih day, one hour after injection of 2 5 
mg of Bi First degree block, P-R mcecval 018 sec (E) Lead 17 78th day, 24 horns after 
thiamm, P-R interval 0 16 sec (F) 80th day P-R interval within normal limits (G) Standard 
leads 99th day, left bundle branch block, the QRS interval exceeds 0 08 sec 
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Frequent electrocardiograms showed no deviation 
from the normal These control pigs were 
slaughtered on the 84th experimental day and their 
hearts subjected to detailed histological examina- 
tion Numerous sections from all four chambers 
of the heart, and multiple sections from the mter- 
auncular and interventricular septa failed to show 
any histological abnormality 

The four pigs deprived of thiamin developed 
anorexia and occasional vomiting between the 30th 
and 40th days, and thereafter at intervals Three 
of the animals died from thiamin deficiency One 
was sacrificed after 157 days All four developed 
disturbances of A-V conduction (Fig 3, 4, 5, and 6) 
The animals were acutely ill at the time of appear- 
ance of A-V block One animal (No 3) died with 
complete block 

Death of the others showing block was prevented 
by a single intramuscular injection of 2 5 mg of 
thiamin hydrochlonde The time of appearance of 
the conduction disturbance, the degree of block, the 
response of the block to thiamin, and the duration 
of survival on the thiamin deficient regime are 
indicated in the table From this it is seen that the 


sinus arrest, and inversion of CF 4 (Fig 4, 5, and 6) 
These changes appeared between the 40th and 60th 
days Sinus block was not affected by atropine 

Normal cardiograms were recorded for some time 
following the treatment of A-V block with thiamin 
Pig No 2 developed left bundle branch block 22 days 
after thiamin treatment of complete block The 
other two animals failed to develop a second episode 
of block but before death showed marked elevation 
of the S-T segments and huge T waves on all four 
leads (Fig 2) 

Post-mortem examination of these animals showed 
no evidence of subcutaneous oedema Excess of 
fluid was found in the pericardial sacs In 
one animal (No 4) this amounted to 170 ml 
(6 oz) No excess of fluid was apparent in the 
other body cavities The hearts showed dilatation 
of the right auricle and of the right ventricle, par- 
ticularly m the region of the pulmonary conus 
Apart from the heart of animal No 2 which showed 
numerous subendocardial haemorrhages, considered 
incidental to the shock of killing, there was no 
macroscopic abnormality m the muscle, valves or 
endocardium The hearts formed 0 51 to 0 59 per 


TABLE 

Development of Heart Block with Thiamin Deficiency 


Animal j 

Day of deficiency 
at the appearance 
of block 

1 

i 

Degree of block 

1 

1 1 

P-R interval 
(o) 1 hr (b) 24 hrs 
(c) 48 hrs after in- 
jection of thiamin 

Day of death 

No 1 

40th ' 

(1) Morning 

(2) Afternoon 

1 

Latent P-R, 0 2 sec 
2nd degree 

1 ' 

(5) 0 16 sec 
(c) 0 1 sec 

j 74th 

No 2 1 77th 1 Complete 

99th 1 Left 1 

1 , bundle branch 

(o) 0 18 sec 1 

(6) 0 16 sec 

1 (c) 0 I sec 

Sacrificed 157th 

No 3 1 63rd 1 2nd degree . | 64th 

1 64th I Complete | j 

No 4 

58th to 63rd 

1 Latent P-R, 0 14- ' (6) 0 08 sec 

j 0 15 sec j 

11 6th 


administration of thiamin to three of the animals 
during the episode of block resulted m return of 
normal A-V induction within 48 hours Following 
thiamin treatment the animals were maintained on 
the deficient diet 

With the exception of pig No 1 in which heart 
block occurred on the 40th day, the animals showed 
cardiographic changes prior to the development of 
block These consisted of marked bradycardia — 
rates as low as 65 were recorded — sinus arrhythmia. 


cent of the body weight as opposed to the normal 
0 3 to 0 4 per cent 

Sections for histological examination were ob- 
tained from the anterior and posterior walls of each 
auncle, from the auricular appendages, the inter- 
auricular septa and from the anterior, lateral, and 
postenor walls of each ventncle The inter- 
ventncular septa were blocked in senes and multiple 
sections from each examined 

Lesions were found in the auricles, the auricular 
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appendages and the auricular septa in all four 
animals These consisted of areas where muscle 
fibres had disappeared leaving an cedematous re- 
ticulum the interstices of which frequently contained 
an eosinophilic and protein-like fluid A mono- 
nuclear cellular infiltration was seen in the areas of 
muscle damage and in the interstitial tissue in 
relation to them Oianges of a more acute 
character appeared in the left auricle and auricular 
septum of animal No 4 Here were seen areas of 
active muscle necrosis associated with a leucocytic 
exudate and gross extravasation of red cells (Fig 7) 

Healing and healed lesions in the auricles of three 
of the animals were minimal However in pig 
No 2 which survived 1 57 days, areas of replacement 
of muscle by granulation tissue or fibrous tissue were 
numerous Some sections from the left auricle of 
this animal shotted replacement of the majority of 
the muscle fibres by fibrous tissue (Fig 8) 

The microscopic auricular lesions old and recent, 
were in all the animals most marked in the left 
auricle and auricular septum In sections taken 
from the ventricular septum and ventricular walls 
It was possible to demonstrate the bundles of His, 
Its main branches, and the terminal subendocardial 
and intra-myocardial ramifications of the conducting 
system 

The conducting system in the pig differs markedly 
from that in man Glomset and Glomset (1940) 
have shown that in man Purkinje cells do not exist 


in the mam bundle nor in the upper part of the right 
branch The cells that are described as Purkmje 
elements in the left branch and lower part of the 
right branch differ markedly from those found in 
ungulates They do not form a network, are found 
only subendocardially, and have never been recog- 
nized within the myocardium Cells closely re- 
sembling those described by Purkmje in the heart of 
the sheep are seen in the bundle of His, and its mam 
branches in the pig Similar cells are seen forming 
a subendocardial network in the ventricles and 
penetrating deeply into the ventricular myocardium 
These cells are round, oval, or band-like m shape 
with distinct cell outline and measuring from 24/i 
to 66/x in diameter The cytoplasm is eosinophilic 
staining irregularly and shows a perinuclear clear 
zone The myofibrils of the cells are irregular in 
their arrangement The cells occasionally show a 
double nucleus, more commonly they have a single 
elongated nucleus which varies in its position m the 
cell In elongated cells the long axis of the nucleus 
tends to be arranged at right angles to the long axis 
of the cell 

The ventricular lesions in these animals were con- 
fined almost entirely to the Purkmje system In 
animal No 3 which had at the time of death com- 
plete heart block, marked recent degenerative 
changes were found in many of the cells of the con- 
ducting system These degenerate cells had shrunken 
from their surrounding supporting reticulum, their 



Fic. 7 — Pig No 4 Intcrauricular septum 
There is an acute haemorrhagic necrosis of 
muscle fibres Magnification x 210 



Fig 8 — Pig No 2 Section from the right auricle 
showing the healed auricular lesions There is 
marked fibrous replacement of muscle MaEnifi- 
cation X 90 
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9 — Pig No 3 Subendocardial Purkinje 
cells (A) Normal cells The myofibrils are 
distinct (B) Necrotic cell The cell stains 
deeply The myofibrils are no longer apparent 
Magnification x 375 

cytoplasm had become deeply eosinophilic and of a 
structureless hyaline appearance The myofibrils 
were no longer distinguished (Fig 9) The nuclei 
showed pyknotic change 

More than half the cells in the main bundle 
(Fig 10) and many of the cells in the mam bundle 
branches were involved in this acute hyaline necrosis 
(Fig 11) One-third to one-half of the subendo- 
cardial and intra-myocardial Purkinje cells were 
affected A mononuclear cellular reaction was 
found surrounding many of these degenerate sub- 
endocardial and intra-myocardial cells Cellular 
reaction was much less evident in relation to the 
damaged cells m the bundle of His and its mam 
branches 

Sections from the mam bundles of pigs No 1 
and 4 — these animals had survived episodes of heart 
block — showed m comparison with sections from 
the bundles of normal animals a complete dis- 
appearance of a considerable number of Purkinje 
cells and their replacement by connective tissue pro- 
liferation (Fig 12, 13, and 14) Many of the 
remaining Purkinje cells showed an acute hyaline 
necrosis These changes, disappearance of Purkinje 
cells and hyaline necrosis m a proportion of the 
remaining cells were also evident m the bundle 
branches (Fig 1 5) where in addition a mononuclear 
cellular reaction surrounded some of the damaged 



Fig 10 — Pig No 3 Bundle of His from the 
animal dying with complete heart block Then, 

IS an acute hyaline necrosis of many of the 
Purkinje cells (A) Normal cells (B) Necro- 
tic cells Magnification x 375 

cells The terminal subendocardial and intra- 
myocardial ramifications of the Purkinje system 
throughout the ventricles of these two animals were 
grossly involved m both old and recent lesions 
More than half the Purkinje cells showed recent 
necrosis with an associated marked mononuclear 
cellular reaction In some sections complete inter- 
ruption of a Purkinje strand by a cellular exudate 
was seen (Fig 16) 

Acute hyaline necrosis of the Purkinje cells was 
not found in the animal sacrificed after 157 days 
Extensive healed lesions consisting of fibrous re- 
placement of Purkinje cells were however found 
throughout the conducting system, and \\ere par- 
ticularly marked in the bundle branches 

Discussion 

Records of the cardiovascular changes in experi- 
mental thiamin deficiency in animals are numerous 
In thiamin deficient rats, Weiss et at (1938) found 
marked bradycardia and changes in the T waves and 
S-T segments, these changes usually disappeared 
within a few hours of giving thiamin, but were un- 
affected by atropine Carter and Drury (1929) 
noted bradycardia and heart block in thiamin 
deficient pigeons Swank and Bessey (1942) how- 
ever, minimize the significance of bradycardia and 
heart block in pigeons since they found starvation 
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Fig 1 1 — Pig No 3 Left bundle branch showing 
acute hyaline necrosis of approximately one- 
third of the Purkinje cells with associated 
cellular reaction Magnification x 75 



Fig 13 — Pig No 1 Bundle of His from an animal 
surviving 34 days after the occurrence of heart 
block, showing loss of Purkinje cells and their 
replacement by connective tissue A number 
of the remaining cells show a hyaline necrosis 
Magnification x 60 



Fig 12 — Bundle of His in a normal pig Magnifica- 
tion X 60 



Fig 14— Pig No 4 Bundle of His from an 
animal surviving 53 days after the occurrence of 
block The changes are more marked than those 
in Fig 13 Magnification x 40 
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15 — Pig No I Terminal part of the left bundle 
branch showing loss of Purkinje cells and fibrosis 
surrounding surviving cells Many of the remaining 
Purkinje cells show a hyaline necrosis Magnifi- 
cation X 100 



Fig 16 — P/g No 4 Subendocardial Purkinje 
strand antenor wall of left ventncle (A) 
Normal cells (B) Purkinje cells showing early 
hyaline necrosis associated with cellular infiltra- 
tion This cellular infiltration is seen to produce 
complete interruption of the Purkinje strand 
Magnification x 165 


alone would produce these effects histological 
examination of the hearts of pigeons dead from 
chronic thiamin deficiency showed necrosis of the 
myocardial fibres associated with an inflammatory 
cell infiltration De Soldati (1939) m thiamin 
deficient dogs noted high P waves and changes m the 
T waves and S-T segment 

In thiamin deficient pigs Wintrobe e/ a I (1943) 
recorded bradycardia, marked sinus arrhythmia, 
disturbances of A-V conduction and changes in the 
T waves Bradycardia was considered to be a more 
pronounced degree than could be accounted for by 
inanition Eight of the nine pigs showed prolonga- 
tion of the P-R interval, two developed second 
degree block, and one complete heart block The 
most constant T wave change was inversion of T IV 
Atropine caused disappearance of a second degree 
heart block in one pig and in another shortening of 
the P-R interval and return to normal of the in- 
verted T IV In both pigs atropine caused an 
increase in the heart rate The lesions found at 
autopsy in these animals included cardiac hyper- 
trophy and dilatation, cellular infiltration, and scar- 
ring, as well as fresh necroses in the auricles and 
ventricles 

King and Sebrell (1946) in experimental thiamm 


deficiency in rats noted marked bradycardia, pro- 
gressive Widening of the P-R interval and QRS com- 
plex and an increase in amplitude of QRS complex 
and of the T waves in leads II and III Auricular 
fibrillation and A-V nodal rhythm were noted in 
some animals during episodes of acute deficiency 
Fourteen of twenty-four experimental rats showed 
cardiac lesions at autopsy, in ten of these the lesions 
were predominantly auricular 
Ashburn and Lowry (1944) in a detailed patho- 
logical study of thiamin deficient in rats found a 
moderate to marked dilatation of the right auricle, 
in some hearts the left auricle was dilated, but to a 
much less degree, and an occasional heart showed 
dilatation of the right ventncle Histological lesions 
in the auricles were found in 46 of the 58, but 
ventricular lesions in only 7 of the deficient animals 
The initial change consisted of a hyaline necrosis of 
the muscle cell associated with a cellular reaction 
consisting of neutrophils, lymphocytes, and mono- 
nuclear cells There was ultimately disappearance 
of muscle fibres Some of the acute lesions were 
followed by fibroblastic proliferation The inactive 
lesions showed absence of muscle fibres and marked 
thinning of the auncular wall with some fibrosis 
In a few instances there was a gross fibrosis of the 
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auricular wall Van Etten et al (1940) in thiamm 
deficient pigs described myocardial lesions consisting 
of scattered areas of atrophy and necrosis of muscle 
suggestive of infarction The lesions were par- 
ticularly marked in the wall of the left ventricle 

Porto and de Soldati (1940) found dilatation of the 
right auricle in four dogs maintained on a thiamm 
deficient diei Two also showed dilatation of the 
right ventricle Histological examination showed 
dissociation of the muscle fibres by interstitial 
oedema, lack of clarity of the transverse striations, 
hydropic degeneration of the muscle cells, most 
marked in the conducting system and areas of 
hyalinization of muscle fibres associated with 
cellular infiltration The lesions were found dis- 
seminated throughout the heart, but were most 
marked in the right auricle and right ventricle 
Follis et al (1943) studied the lesions m thiamm 
deficient pigs The hearts of six of nine animals 
were dilated and showed lesions consisting of focal 
or diffuse necrosis of the myocardial fibres associated 
with leucocytic infiltration In an animat dying, 
early lesions were found m the auricles, but none m 
the ventricles Animals that survived longer penods 
of deficiency showed lesions on both auricles and 
ventricles Scars marking healed necrotic lesions 
were found m the hearts of two animals 

Swank et al (19411 in five dogs dead from thiamin 
deficiency found dilatation of the right auricle and 
nght ventricle in one, the others showed marked 
dilatation of the left side of the heart Histological 
study showed some general shrinkage, and pale in- 
distinct staining of the muscle fibres m all hearts 
In three hearts small scattered areas of myocardial 
necrosis were observed, many of which were in- 
filtrated with polymorphonuclear leucocytes One 
heart showed older lesions consisting of small areas 
of loose connective tissue from which myocardial 
fibres were absent 

From these accounts of animal experiments it is 
apparent that morphological lesions in the myo- 
cardium may result from thiamm deficiency There 
IS, however, no complete agreement as to their 
character of distribution In the experiment recorded 
the finding of dilatation of the right side of the heart 
agrees with the observations of Porta and de Soldati 
(1940) and of Ashbum and Lowry (1944) The in- 
crease in heart-body weight ratio above the normal 
0 3 to 0 4 per cent found m this expenment has 
been noted by Folks et al (1943) These authors 
point out however that it cannot be concluded from 
this, that the hearts were hypertrophied since m the 
presence of impaired growth from causes other than 
thiamm deficiency there is an alteration m the heart- 
body weight ratio 

The preponderant involvement of the auricular 


myocardium in this study agrees with the findings of 
Folks et al (1942) in pigs, and those of Ashbum and 
Lowry (1944) and of King and Sebrell (1946) in rats 
It IS probable that the sinus block observed in three 
of the animals was related to morphological lesions 
in the auricular wall since it was unaffected by 
atropine In the one animal in which it never 
appeared lesions in the right auricle were minimal 

This predilection of the myocardial lesions of 
thiamm deficiency for the auricles suggests that the 
metabolism of the auricular and ventricular myo- 
cardium* differs in some respects A difference in 
their metabolism has been suggested by Davies and 
Francis (1946) on the basis of a difference in their 
intrinsic rhythmic rates These authors write “ In 
the hearts of cold blooded vertebrates in which 
there is neither specialized muscular tissue (nodal 
and Purkinje) nor any histological difference m the 
ordinary cardiac muscle which later nevertheless 
exhibit different intnnsic rhythms when separated 
from each other, their different rhythmicities must 
be dependent on factors other than purely morpho- 
logical characters ” Davies and Francis (1 946) have 
attempted to discover whether substances known to 
be concerned in the chemistry of contraction of 
voluntary muscle are unevenly distributed through- 
out the heart They have shown that glycogen, 
phosphocreatine and adenosine compounds have 
such a differential distribution 

It IS notable that a morphological lesion is not 
suggested as the causative factor in those instances 
in which disturbances of auriculo-ventricular con- 
duction have been found Thus Swank and Bessey 
(1942) minimize the significance of heart block in 
pigeons since they found that it might result from 
inanition alone, and Wintrobe et al (1943) found 
that heart block in thiamm deficient pigs responded 
to atropine 

The experiment recorded shows conclusively that 
heart block and morphological changes in the cells 
of the conducting system may result from thiamm 
deficiency It would appear that initially the block 
IS due to a reversible biochemical disturbance, and 
that this disturbance is capable of progression to an 
irreversible morphological change if acute deficiency 
IS of sufficient duration The presence of histo- 
logical lesions in a proportion of the cells of the 
bundle of His in animals No 1 and 4 suggest that 
cardiograms taken immediately before the death of 
these animals would have shown heart block 

The selective involvement of Purkmje tissue found 
in this expenment suggests that these cells have also 
a metabolism which differs from that of the ven- 
tricular myocardium Consistent with this view are 
the observations of Shaner (1930) and of Davies and 
Francis (1941a) Shaner’s studies in the ontogenetic 
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development of this system in the calf suggests that 
Purkinje fibres and ordinary cardiac muscle are 
separately developed from their respective un- 
differentiated mesodermal primordia Davies and 
Francis (1941a and 1946), have failed to demonstrate 
any nodal or Purkinje tissue in a number of fish, 
amphibia and reptiles, and express the opinion that the 
S-A, A-V nodes, the A-V bundle and the terminal 
network of Purkinje fibres are neomorphic develop- 
ments in animals and birds associated with the more 
rapid rate of heart in these homiothermal vertebrates 
The infrequency of heart block in human beriberi 
in contrast to the readiness with which it may be 
produced in experimental thiamin deficiency in pigs 
may be explained by the difference between the 
structure of the conducting system in man and that 
in ungulates This difference has been stressed by 
Glomset and Glomset (1940) 

The biochemical or morphological changes are 
most likely to be found in those cells of the conduct- 
ing system in man that most closely resemble in 
structure the Purkinje cells in ungulates The cells 
most closely resembling the Purkinje cells in un- 
gulates are found in man at the terminal ramification 
of the conducting system beneath the endocardium 
of the ventricles As the conducting system is 
traced back toward the A-V node the similarity 
diminishes It has been noted that Glomset and 
Glomset found no cells resembling the Purkinje cells 
of sheep or pigs in the bundle of His in man 
In thiamin deficiency of moderate degree ab- 
normalities of the ventricular complex of the cardio- 


gram probably result from changes m a propoition 
of the cells of the terminal ramifications of the con- 
ducting system 

It further follows that disturbances affecting con- 
duction in the mam branches of the bundle of His 
in beriberi would be of commoner occurrence than 
A-V block It IS, therefore, of interest that in one 
of the few reports of cardiac conduction defects in 
beriberi, that of Dock (1940), three of five cases 
showed bundle branch block and one latent A-V 
block 

Summary 

The clinical impression of the not infrequent 
occurrence of aunculo-ventncular block m beriberi 
IS recorded 

An experiment with the object of studying the 
effects of thiamin deficiency on cardiac conduction 
is described Four pigs deprived of thiamin 
developed heart block , in two this was complete 

The histological lesions resulting from thiamin 
deficiency predominantly involve the auricular myo- 
cardium and the cells of the conducting system m the 
ventncles In pigs dying from thiamin deficiency an 
acute hyaline necrosis is seen in the Purkinje cells 

I am indebted to Professor J H Biggart, C B E , and 
Dr S B Boyd Campbell for the facilities that made this 
investigation possible I wish to thank Professor Big- 
gart for much advice and help in preparing this paper, 
and Dr J E Monson for this valuable advice on the 
mterpretation of the histological lesions 1 am in- 
debted to Mr J Harland for technical assistance and to 
Mr D McA Mehaffey, A R P S , for the photography 
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Surprisingly little attention has been paid to the 
possibility of a return to normal of cardiograms that 
have been thought to show the presence of cardiac 
infarction when the clinical picture was consistent 
with that accident having occurred It is, of course, 
well known that very transient cardiographic 
changes, to be measured in minutes or hours, may 
accompany an anginal seizure But the authors are 
concerned not with these cases, but only with those 
in which the changes persisted for days, weeks, or 
even months, but ultimately disappeared The return 
to normal was so complete that from the inspection 
of the cardiogram alone, including unipolar explora- 
tion, It was impossible to tell that anything abnormal 
had ever occurred Careful search of papers pub- 
lished in the past twenty years and more has failed 
to reveal any such similar investigation, although 
recently, as a result of experiments on dogs, the 
possibility has been hinted at by Bayley and Monte 
(1943) that perhaps in man similar temporary 
changes might be found, which were not due to an 
actual infarct 

In every case the account of the pain left no doubt 
that It was of cardiac origin, and only such cases as 
showed inversion of the T wave, in leads I or IV or 
both, or pathological inversion of the T wave in 
lead III, were included in the senes In all cases 
standard leads and either IVR or CR 4, and IVF or 
CF4, or both, were taken, and in all the patients 
encountered or followed up during the past two 
years unipolar leads were taken from the nght arm 
(VR), left arm (VL), left foot (VF) and across the 
chest (V 1-6) The unipolar hmb leads were aug- 
mented, using the Goldberger technique When- 
ever the unipolar deflections obtained from the 
praecordium appeared mconveniently large in ampli- 
tude the fibre sensitivity was reduced by one-half, 
(N/2), or even to one-third (N/3) Although in our 
records the amplitude of the T wave is only one-half 
or one-third of the size of the usual deflection, the 
proportion of the height of this wave to that of the 


QRS complex remains, of course, unaltered Some 
patients were further explored in a manner suggested 
by the results obtained from the above leads For 
example, when the lateral wall of the left ventricle 
was involved, leads were taken from intercostal 
spaces higher than those usually employed, and in 
some of the cases suggesting posterior cardiac 
infarction a deep epigastric lead was taken In all, 
the 28 cases were cardiographed on 140 occasions 

Selection of Cases and Frequency 
We had constantly in mind such other causes as 
might lead to temporary inversion of T waves, and 
we took care to exclude these as far as possible 
For example we excluded any patient in whom one 
might have suspected that digitahs was responsible 
for the T wave changes All records were taken 
with the patient recumbent There was no question 
of any patient having drunk cold water just before 
his test None was receiving adrenalm , and, 
although one was diabetic, it was thought that 
insulin did not influence the T wave One patient 
was myxcedematous, but the changes in the T wave 
were not charactenstic of that disease we are of 
opinion that it was not responsible for subsequent 
cardiographic changes We excluded one patient 
with severe anasmia and two who were receiving 
desoxy-cortico-sterone acetate, for we did not con- 
sider that the changes in them T waves should find a 
place in this series If there was any doubt con- 
cerning the presence of attacks of paroxysmal 
tachycardia, that case also was omitted AH the 
cases were adults, so the negative T waves of child- 
hood were excluded There was no question of 
trauma to the chest wall or elsewhere 
In the twelve-year period 1936-47 inclusive, 
cardiograms were taken from 5593 patients, and of 
those 367 yielded curves considered diagnostic of 
cardiac infarction Of the 367 cases, 232 were of the 
an tenor type, 131 were postenor, and 4 were con- 
sidered to show evidence of both Of the 232 
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antenor vanety, 1C (11 per cent) were found that 
reverted to normal, but of the 131 posterior, only 2 
(1 5 per cent) could be found whose curves had done 
so None of the 4 cases showing combined anterior 
and posterior infarction resumed a normal appear- 
ance 

It IS seen that of the total number of 367 cases of 
cardiac infarction, 28 (8 per cent) eventually became 
normal, and that of these there was a striking pre- 
ponderance of the anterior type Of these 28 cases, 
22 have cardiograms that have remained free from 
any pathological change whatever during the time 
we have kept them under observation 


Clinical Details 

Of our 28 cases, 22 were men and 6 were women 
The ages when the patients were first seen ranged 
from 39 to 77, more than half of them being over 
the age of 50, and three were over 70 The average 
age was 54 years 

Although the period during which the patients 
were observed was m one case only two months, we 
were fortunate to have seven of our patients under 
observation for more than eight years On the 
average they were followed up for just over four 
years A study was made, from a consideration of 
the history and the type of the pain experienced, to 
see whether any clinical feature might emerge that 
would suggest the temporary nature of the abnor- 
mality m the cardiogram, but none did The 
diagnosis of angina pectons or cardiac infarction had 
been made in every case before the cardiogram was 
taken, and the curve was thought at that time to be 
confirmatory In ten cases the pain was experienced 
only whilst the patient was at rest, while m seven 
pain was only present on exertion In the remaining 
eleven patients pam was present both at rest and on 
effort The pain recurred subsequent to the initial 
attack in 23 of the 28 patients It was a pecuhar 
feature that in five patients, in spite of recurrent and 
apparently typical cardiac pain, which in each of the 
five cases lasted more than an hour, the cardiogram 
remained normal We could find no correlation 
between the seventy or duration of the pam and the 
degree of inversion of the T wave A persistently 
high blood pressure, the systolic being more than 
160 or the diastohc greater than 95 or both, was 
present in 18 patients In 9 it was normal and m 
one we have no record Unfortunately we have 
insufficient information concerning senal white cell 
counts and sedimentation rates in this series to dis- 
cuss their diagnostic value, but sometimes there was 
a slight degree of pyrexia, and the white cells and 
sedimentation rate were increased somewhat, 
although for the most part these were unchanged 


Cardiograms 

Six facts emerged from inspection of the curves 
of this series First, the anterior lesion was very 
much commoner than the posterior, much more so 
than with established infarction Only 2 of the 
28 cases were of the posterior type Secondly, in 
every cardiogram showing an anterior lesion the 
Q wave was either absent altogether, or, if present, 
was very small In no case was the Q wave in the 
lead or leads showing inversion of the T wave signifi- 
cantly prolonged (0 04 sec or more) , in lead I it 
did not exceed I 0 mm in depth, and in lead IV 
1 5 mm As a rule there was no Q wave (see Table) 
Thirdly, in the posterior type, unlike in the antenor, 
a Q wave may appear which is pathologically deep 
and wide in leads II, III, and VF, and yet ultimately 
this may revert to normal dimensions or disappear 
(Fig 5) Fourthly, significant displacement of the 
RS-T segment by the current of injury was only 
present in two cases (Fig 8) and was actually less 
than 2 mm As the records were taken in several of 
our cases at all stages of the event, even duruig the 
paroxysm of pain, the absence of this current was 
surprising and will be commented on later Fifthly, 
It was noted that once the cardiogram had reverted 
to normal the tendency was for it to remain so, and 
only in an unexpectedly small number did it de- 
tenorate again Thus, of the 28 cases that reverted 
to normal, 22 were still without pathological change 
when we last saw them Of the other 6, one showed 
digitalis effect only, one showed the picture of left 
ventricular predominance, and in three of the remain- 
ing four that subsequently detenorated, the ab- 
normal feature was nothing more than an isoelectric 
T wave in lead I The cardiogram of the fourth 
patient, after reverting to normal several times, 
finally persisted as a curve of cardiac infarction 
(Fig 10) Finally, on several occasions when our 
records were taken, the patient was expenencing a 
severe attack of pain, but they did not necessarily 
show inversion of the T wave at that moment, 
although this abnormahty subsequently appeared 

Prognosis 

This is beyond doubt much better than that 
usually given for cardiac infarction Of the 28 cases 
only 3 are dead and one of these (Case 1) died o 
septicremia Autopsy was performed and the fin - 
mgs are given below No details are known of the 
mode of death of the other two, but one lived for 8 
years following the appearance of his abnormal 
record and was 70 at the time of his death, the other 
died at the age of 79, his abnormal record having 
appeared when he was 75 

The exact length of time taken for the abnormal 
curve to revert to normal is difficult to assess 
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accurately unless records are taken at very frequent 
intervals The times estimated for the curves to 
become normal are thus necessanly maximal The 
shortest time was two days and the longest was three 
years and eight months, the average being 33 weeks 
Of the 28 cases, 20 were active when last seen and, 
of these, 15 were quite Tree from pain Three had 
experienced very slight pain which was inframam- 
mary in type and not of cardiac origin Two 
patients had slight cardiac pain, with but little limita- 
tion of activity Three others were free from pain 
but restricted by dyspnoea Two were considerably 
hampered by pain as already stated, three had died 

Morbid Anatomy 

As mentioned above, the outlook in these patients 
would appear to be so good that opportunities for 
autopsy are few The only one of this series (Case 1 ) 
that came to necropsy died as a result of obscure 
septicaemia There was some excess of fat in the 
epicardium and the heart was enlarged and dilated, 
particularly on the right side The myocardium was 
soft and flabby Two doubtful pale areas of scar- 
ring, superficial and just visible to the naked eye, 
were present a little distance from the tip of the 
antenor wall of the left ventricle In spite of careful 
search, section of the heart failed to reveal any other 
abnormal areas The mam coronary vessels were 
quite patent and quite free from atheroma The 
valves and pericardium were normal Early changes 
of nght-sided heart failure were present in the lungs, 
liver, spleen, and kidneys 


Microscopically, the small sub-epicardial area sec- 
tioned consisted of a fairly well localized patch of 
fibrosis Microscopic branches of the coronary 
vessels seen were healthy (Fig 1) 

Illustrative Cases 

Unfortunately, space does not permit us to include 
full clinical and cardiographic details of all 28 cases, 
so we have listed the more important features (see 
Table) and chosen to illustrate from our series only 
such examples as show features worthy of particular 
comment This has necessitated the omission of a 
number of illustrations showing widespread and 
well-marked abnormalities, but of similar form 
Ten cases are presented the first is one in which 
autopsy was performed, the second is a typical 
anterior lesion , the third is also antenor and shows 
how widespread abnormalities in the unipolar prae- 
cordial leads can revert to normal, the fourth is one 
of our two posterior lesions in which the cardiogram 
recovered, the fifth is an example of antenor type 
where only T 4 was inverted and not T 1 , the sixth 
showed inversion of T 1 but not of T4, the seventh 
IS presented because it is one of the two in which any 
RS-T segment displacement occurred, the eighth 
case, although presenting a seemingly established 
picture, showed that by inhalation of amyl nitrite it 
was possible to elevate an inverted T 1 and T 2, 
although these two waves became again inverted 
after five hours, the ninth case shows spontaneous 
inversion of T 1 and T 4, often but not always associ- 
ated with attacks of cardiac pain, the tenth case is 



A 


B 


Fig 1 — Case 1 The larger of two very small pale areas just visible beneath the epicardium 
well localized patch of replacement fibrosis The branches of the coronary vessels are 
(A) Magnification x 35 (B) Magnification x 105 
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included because it is the only example we have met 
where the T wave in lead CF 4 varied, alternately 
being upnght and inverted from beat to beat 

Case 1 {Fig 1 and 2) Man, aged 43 In July 
1946 typical symptoms of failure of the left ventncle 
first appeared Dyspnoea on effort was soon fol- 
lowed by attacks of severe nocturnal dyspnoea A 
few weeks later he complained of a choking sen- 
sation, as though he were being strangled, accom- 
panied by a dull pain in the left chest This pain 


inverted, and inversion of T4 persisted No Q 
waves were present Further cardiograms taken on 
15/11/46 and 2/12/46 showed some improvement, 
and by 28/1/47 normal rhythm was present, T 1 was 
flat and T 4 was almost so 
Comment This case is presented in some detail 
as we were fortunate enough to obtain a necropsy 
owing to the patient’s death from septiaemia 
Although the last cardiogram (28/1/47) before his 
death on 26/2/47 was not normal, it showed con- 
siderable improvement over the one taken on 



29/10/46 6/11/46 15/11/46 2,12/46 28/1/47 

Fig 2 — Case 1 Cardiogram suggesting anterior cardiac infarction, and showing 
improvement prior to death from septicsmia Auncular fibrillation 


was at first only brought on by exertion such as 
walking and always brought him to a standstill It 
lasted for fifteen to twenty minutes, never longer, 
and did not radiate 

During his stay in hospital several of these attacks 
of pain occurred whilst he was asleep, and awakened 
him Auricular fibrillation was present intermit- 
tently, and, although on admission his blood 
pressure was I60/I00, it fell during his stay to 130/90 
and, just before death, to 80/48 

Whilst in hospital he developed a fatal septiciemia, 
the ongin of which was never discovered 

On 29/10/46 his cardiogram confirmed that auri- 
cular fibnllation was present T I and T 2 were flat 
and T4F was sharply inverted By 6/1 1/46, T 1 was 


6/11/46, which was suggestive of anterior cardiac 
infarction The inversion of T 1 and T 4 had prac- 
tically disappeared within the last three months 
Naked eye and microscopical appearances have been 
described and illustrated above (Fig 1) Notwith- 
standmg the cardiographic appearances, the degree 
of localized cardiac muscle destruction was minimal 
We feel here that, had the patient not succumbed to 
incidental disease, such a trivial lesion would hardly 
have impaired a very good chance of complete 
recovery, particularly in the absence of coronary 
atheroma 

Case 2 (Fig 3) Man, aged 53 The patient was 
quite well until 23/3/38 when he suddenly expen- 
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30'3'38 5/4 '38 23 5 38 3 1141 24 3 48 

Fig 3 —Case 2 Recovery of abnormal cardiogram suggesting anterior infarction 

but with no Q waves 


enced a violent substernal pain whilst he was at rest 
Subsequently this type of pain occurred on exertion, 
the attacks lasting five to ten minutes and being 
relieved by rest Whenever the pain was particu- 
larly severe it radiated down his left arm When 
seen six days after his first attack of pain, his blood 
pressure was 118/95, gallop rhythm was present, and 
he was found to have diabetes 

His cardiogram on 30/3/38 was taken during an 
attack of pain and showed inversion of T 1 and T 4F 
and elevation of T 3 The R waves were of low 
voltage but no Q waves were present When re- 
peated on 5/4/38 T 1 had become flat and T 4 had 
become 2 mm less inverted By 23/5/38 the gallop 
rhythm was still faintly audible His cardiogram 
was virtually the same 

When seen on 13/6/38 he was still experiencing 
occasional pain, the gallop rhythm was gone, and he 
could walk a mile or so before becoming breathless 
His BP was 105/65 He was seen again on 3/1 1/41 
and the cardiogram was taken just as an attack of 
pain had ceased To our surprise the record was 
quite normal and even the R wave amplitude had 
increased When seen on 29/5/46 he was experi- 
encing rather vague neuntic ” prfficordial pains on 
' 1 %'alking, there were no abnormal physical signs, 
his diabetes was controlled by diet alone and hiS 
cardiogram was still normal 

He was seen again on 24/3/48 and he had been 


keeping symptom-free, showed no abnormal physical 
signs, B P 140/90, and the cardiogram in the stan- 
dard leads, unipolar limb and prsecordtal leads, was 
quite normal 

Comment Typical cardiac pain was present 
coming on at first at rest and later on exertion also 
in a moderate diabetic His cardiogram was origin- 
ally considered typical of anterior cardiac infarction 
becoming normal before the attacks of pain had 
ceased In fact, one taken immediately after a 
severe attack of pain was quite normal Ten years 
from the first attack, his cardiogram is still normal 
This case illustrates well how a normal cardiogram 
may be consistent with the presence of severe cardiac 
pain 

Case 3 (Fig 4) Man, aged 48 At the beginning 
of April 1947 whilst the patient was at rest in a chair 
he had a sudden attack of pain and numbness which 
began in the left arm and radiated up to his left 
shoulder and across the upper part of the sternum, 
where it became of frightening intensity and was 
associated with considerable dyspnoea The chest 
pain was described as ‘ pulling together, as though 
the left arm were being torn out ’ Much angor 
aninu was present He sweated profusely during the 
attack and his wife commented on his extreme pallor 
The attack lasted twenty minutes and went olf quite 
suddenly During the next two hours he had two 
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similar, but Jess severe, episodes whilst in bed A 
further attack came on whilst he was walking from 
work and the pain again started in the left arm, 
which felt heavy 

Clinical examination on 23/4/47 revealed no ab- 
normal physical signs, B P 1 30/90, but the cardio- 
gram taken the same day showed, in addition to 
slight inversion of T 1 with a low voltage QRS, 
pathological T inversion of all the unipolar prre- 
cordia! leads, especially V2, V3, and V4, although no 
Q waves were present The B S R taken the next 
day was 4 mm in the first hour (Westergren) and a 
white cell count taken on 25/4/47 was 12,000 per 
cmm It was considered that the patient had 
had a coronary artery occlusion, but that although 
the ischajmic area was of great extent, it was not 
transmural 

He was treated with anti-coagulant therapy 

No further pain occurred whilst he was in hospital 
and on the day of his discharge, 13/5/47, the cardio- 
gram showed that his przecordial T waves had 
become less inverted, those of V5 and V6 being flat 
A fortnight later, on 28/5/47, T 1 was just upright 
and V2-6 inclusive had become upright He was 
last seen on 4/5/48 and he had been quite free from 
pain or disability of any sort for one year and his 
cardiogram, standard, unipolar limb and przecordial 
leads, was quite normal 

Comment Cardiac pain of great severity was 
associated with cardiographic changes of extensive 
antero-lateral distribution without Q waves These 
changes, together with the pain, disappeared within 
five weeks, and a year later, both clinically and 
cardiographically, the patient was quite normal It 


is noteworthy that fever, leucocytosis, and increase in 
the sedimentation rate were inconspicuous 

Case 4 (Fig 5) Man, aged 48 Whilst sitting at 
a desk at 10 30 p m on 14/7/44 the patient experi- 
enced sudden intense, continuous, retrosternal pain, 
which lasted four hours {“ like very severe indi- 
gestion, although much worse ”) He also felt it m 
both arms, from elbow to thumb, and it caused him 
to sweat His doctor found no abnormal physical 
signs, although he saw the patient a few hours later 
The patient felt absolutely fit within two days and he 
was sent to hospital where a cardiogram, taken on 
20/7/44, only revealed a rather tall P wave in lead II, 
although there was slight inversion of T III How- 
ever, m view of his story he was admitted to hospital, 
and further cardiograms were taken Although no 
further pain occurred, the second record taken on 
31/7/44 showed the usual appearances of postenor 
cardiac infarction with deep inversion of T II and 
T III and prominent Q II and Q III The cardio- 
gram improved and by 18/9/44 it was quite normal 

When seen on 4/5/48, nearly four years after his 
attack, he had been keeping very well indeed and was 
leading an active life, without any pain or other dis- 
ability whatsoever There were no abnormal 
physical signs, B P 120/75, and his cardiogram was 
still quite normal 

Comment A single isolated attack of severe 
cardiac pain associated with a cardiographic appear- 
ance that, although at first was normal, showed a 
few days later the typical appearance of postenor 
infarction, including the presence of Q waves Even 
so, the cardiogram had recovered within two months 



20/7 '44 31/7/44 13/8/44 18/9/44 4/5/48 

Fig 5 — Case 4 A type of posterior lesion The cardiogram recovered withm 
two months, and both the patient and his record have remained normal for four 
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The patient has remained quite fit and has had a 
normal record for four years This case also is an 
example of cardiac pain being accompanied fora few 
days by a normal cardiogram which only sub- 
sequently assumed the appearance typical of in- 
farction 

Case 5 (Fig 6) Man, aged 66 This active 
fisherman was first seen by us nearly ten years ago 
and complained of three distinct attacks of severe 
prtecordial oppression which ladiated down the left 
arm The first occurred on 8/8/38, while he was 
pushing his boat down to the beach The pain 
during the third attack lasted all day 

He was first seen on 5/9/38 There were no ab- 
normal physical signs apart from a very slight 
scoliosis and a trace of albumen in the urine, B P 
130/78 The cardiogram on that date showed T I 
to be rather low but upright, but deep inversion of 
T 4F was present, although there were no Q waves 
A record taken on 24/10/38 showed normal standard 
leads, but T 4F was only just upright On 27/2/39 
his cardiogram was quite normal with an upright 
T in 4F of good amplitude, and a Q wave had 
appeared The pressure had risen to 145/105 

A cardiogram on 23/5/39 was identical in appear- 
ance with that of 27/2/39 The pressure had risen 
to 160/110 


When last seen on 14/1/48 the blood pressure was 
195/100 The cardiogram, standard leads, CR 4 
CF 4, unipolar limb and priecordial leads, was quite 
normal and he was leading a normal symptom-free 
life , during the whole of the war his work had been 
particularly arduous 

Comment This is an example of cardiac pain 
precipitated by severe exertion, accompanied bj 
changes in lead 4F but without changes in lead 1 
Within SIX months the curves had become normal 
and they have remained normal for nearly ten years 
and the patient has remained well Lenegre and 
Chevalier (1946) have recently recorded 32 patients 
with such T wave changes and concluded that pro- 
vided the patient is more than twenty years of age 
isolated inversion of T 4 is pathological and most 
often of coronary origin 

Case 6 (Fig 7 A and B) Man, aged 43 When 
first seen on 315145 his history was that ten days 
previously he had felt ill and feverish for a day but 
did not go to bed The next night he still felt unwell 
and woke at 11 pm with a nasty dull pain in the 
upper chest, which he described as being like a ' sore 
trachea He was restless during the pam, which 
lasted for several hours The pain recurred, though 
less severely, at odd times during the next few days 
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Fig 


6 Case 5 An example cf inversion of T 4F but with T I remaining upright 

Cardiographic recovery occurred within six months and has persisted tor nearly 
ten years V lead fibre sensitivity = N/2 
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Fig 7 —Case 6 An example of inversion of T ], and T2. but with T4F remain- 
ing upnght The record reverted to normal within three months (A) Standard 
eadf (^/2) showing deterioration and recovery (B) Final unipolar 
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and was then described as constricted breathing,” 
more a discomfort than pain 

There were no abnormal physical signs, B P 
130/80, and cardioscopy was normal His cardio- 
gram taken the same day showed only a little left 
axis deviation He remained well until 4/8/46 when 
a second similar attack occurred suddenly at 2 a m 
and lasted for several hours 

A record taken on 8/8/46 revealed that now T 1 
and T 2 were both inverted, and although T 4F was 
not of good amplitude it was still upnght Within 
eighteen days T 1 had improved and become flat and 
T 2 was upright By 5/11/46 the curves were nor- 
mal, and when the patient was last seen on 20/4/48 
he was keeping quite free from pain and leading an 
active life His cardiogram was still quite normal 
in standard leads, 4F, unipolar limb, and priecordial 
leads 

Comment An example of cardiac pain at rest, 
at first accompanied by a normal cardiogram and 
later by one in which T 1 and T 2 became inverted 
and yet T 4F remained upright Within three 
months of the first abnormal cardiogram, his record 
had become normal Here again, it would have 
been erroneous to assume that his normal cardio- 
gram ruled out the possibility of his pain being 
cardiac in origin 

Cahe 1 (Fig 8) Woman, aged 53 This woman 
had four quite severe attacks of cardiac pain, all 
coming on whilst she was at rest The first attack 
woke her dunng the night of 8/9/47 and there was 
such severe substemal pain and dyspnoea that she 


thought she was going to die The pain radiated 
down the left arm into the left middle finger When 
seen next day the only abnormal sign was her blood 
pressure of 180/110 The second attack occurred 
at 6 a m on 11/9/47, was similar to the first and 
accompanied by much sweating, a pulse rate of 156^ 
and a temperature of 99 The next day, 12/9/47, her 
cardiogram was taken (standard leads, VI, V4, 
VF, and VL) and was normal White cell count on 
13/9/47 was 5000 per cmm with a normal dif- 
ferential BSR on 16/9/47 was 12 mm in the 
first hour (Westergren) 

On 25/9/47 a third attack occurred She had a 
little pain in her chest dunng the day and this sud- 
denly increased and became intense and radiated 
down the left arm to the wrist She felt hot and 
frightened During the attack her blood pressure 
was 160/100 but next day had fallen to 120/98 A 
record taken on 26/9/47, the day following the third 
attack of pain, showed that the RS-T junction and 
segment in leads 1, 2, and V4 was raised and in leads 
1 and 2 it incorporated the T waves In V4 the T 
wave was inverted The segment elevation was 
about 1 mm in leads 1 and 2 and was considered 
consistent with anterior infarction, notwithstanding 
the facts that her white cell count taken the day after 
the attack was normal, 8 4 thousand, and her B S R 
taken on 29/9/47 was 7 mm in the first hour (Wester- 
gren) 

By 15/10/47 no further attacks had occurred and 
the RS-T segment had gone back to the isoelectric 
level and, as we expected, T 1 and T 2 had become 
inverted in addition to T in V4 T 3 had also 



12/9/47 

Fig 8 — Case 7 
RS-T segment 


26/9'47 15/10 47 7 11/47 l/5'48 

One of the two records in the senes which showed appreciable 
displacement (26/9/47) It disappeared in less than three weeks 
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become inverted and this was thought to indicate an 
extension of the lesion By 21/10/47 the curves had 
become quite normal and were repeated on 7/11/47 
when they were still normal A fourth attack of 
pain, felt as a constnction beneath the upper part of 
the sternum and radiating down the left arm to the 
elbow, occurred on 21/4/48, but a cardiogram taken 
on 1/5/48 which included standard leads, unipolar 
limb and prsecordial leads, was still quite normal 

Comment There are several reasons for pre- 
senting this case It is one of only two cases m 
which we have been able to detect segment displace- 
ment, although this was only slight Secondly, it 
again illustrates how it was not until three attacks of 
cardiac pain had occurred that any alteration in the 
cardiogram was detected In spite of apparent 
extension of the lesion the cardiogram became nor- 
mal within three weeks, and in spite of the fourth 
attack of pain, it remained normal 

Case 8 {Fig 9) Woman, aged 54 This patient 
had a six weeks history of “ indigestion ” when first 
seen, which during the latter five weeks had been 
felt as a “ terrible dull boring pain ” beneath the 
lower sternum, going up into both jaws and down to 
both elbows Without tnnitrm the pain lasted 
twenty minutes It came on with exertion and 
caused her to stop walking, an exercise of wnich she 


was previously very fond, and it also awakened her 

On examination on 5/12/47 her B P was 200/140 
and a very clear presystolic gallop rhythm was 
visible, palpable and audible A cardiogram taken 
the same day showed negative T waves in leads I, 
VI, V3, V4, V5, V6, and CF 4 T 2 was flat No 
Q waves were present These changes were con- 
sistent with antero-lateral infarction and hyper- 
tensive heart disease Whilst she was in bed several 
more attacks of pain occurred and repeated B S R 
estimations and white cell counts were made during 
and between these attacks The highest B S R was 
10 mm in one hour and the highest white cell count 
was 1 1 7 thousand per c mm with a normal dif- 
ferential count 

Cautiously, the effect on the cardiogram of 
exercise, of chewing tnmtrin tablets, injections of 
tetraethyl ammonium bromide, and finally of in- 
haling 5 mimms of amyl nitrite was observed All 
except the last were without appreciable effect on 
her cardiogram The result of amyl mtnte on 
30/12/47 was stnkmg The previously inverted T 1 
and T 2 became upright and T CF 4 was appreaably 
less inverted Five hours later the cardiogram had 
regained its former pathological appearance 

By 2/4/48 all signs of infarction change had dis- 
appeared and only those due to left ventricular 
preponderance remained, the inverted T waves m 



A 

Before amyl nitntc 



Fig 9 — Case 8 Showing how by inhalation of amyl mtnte it was possible tem- 
poranly to elevate inverted T waves in leads I and If 
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lead If having become upright and the deeply 
inverted T waves in V2-6 inclusive having all dis- 
appeared 

Comment Severely incapacitating cardiac pain, 
both on effort and at rest, at first was accompanied 
by cardiographic changes of hypertensive heart 
disease and fater by changes suggesting an extensive 
area of infarction, but without Q waves By inhala- 
tion of amyl nitrite it was possible temporarily to 
cause elevation of the T waves in the standard leads 
During the inhalation of amyl nitrite there was an 
increase m the heart rate, but this was no greater 
than had previously been produced by exercise 
without causing any alteration in the T waves 

Case 9 {Fig 10) Man, aged 50 About the 
middle of February 1939 the patient began to experi- 
ence attacks of severe pain just to the left of the 
sternum, passing down both arms It came both on 
exercise and whilst he was asleep in bed During 
each attack he became pale and a little cyanosed and 
was obviously in pain The duration of each attack 
varied from half an hour to two hours forty minutes 
and the pain was best relieved by amyl nitrite 
Between attacks he felt perfectly well, there was no 
dyspnoea, and his B P ranged from 130/86 to 140/96, 
on several occasions it was found to be raised 


immediately preceding an attack of pain, 160/1 10 to 
186/120 

A teleradiogram revealed slight enlargement of the 
left ventricle with some elongation of the aorta 
The first cardiogram taken on 10/3/39, two days 
after a very severe and prolonged attack of pain, 
showed T 4R to be sharply inverted, although no 
Q waves were present T 1 was possibly a little low 
though T 2 was of good amplitude A second 
record taken on 13/3/39, the patient having remained 
free from pain since his attack on 8/3/39, showed that 
T 4R had become quite upright Records repeated 
on 14/3/39 and 27/3/39 showed T I and T 4 to be 
still upright 

Further attacks of pain occurred on 8/4/39, 
11/4/39, and 13/4/39, and a record taken on 14/4/39 
revealed that T 4 had again become deeply inverted 
and that T ] had now become inverted for the first 
time 

He remained free from pain until 20/4/39, on 
which day a very severe attack occurred lasting 
two hours forty minutes and accompanied by pallor, 
sweating, and tic-tac rhythm We obtained a record 
within a quarter of an hour of the start of this attack 
and it was normal, T 1 and T 4 having become up- 
right since the previous record We repeated his 
cardiogram on the day following the attack and T 1 
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and T 4 were then found to have become inverted 
once more, and the appearance of the RS-T segment 
in 4R was strongly reminiscent of a recent current 
of injury curve From that time on the curves 
remained abnormal For example, a record was 
taken each day from 22/4/39 to 28/4/39, and on 
various dates until 30/5/39 On 23/4/39 half-hourly 
records were taken from 7am to 12 30 p m , 
covering a period m which the patient was in pam 
and during which the pam wore off, but all records 
show the same inversion of the T waves 

It was at that time considered that the change had 
probably become permanent although the Q waves 
were insignificant When seen again on 30/8/48 he 
stated he had remained free from pam since the 
middle of 1939, but that his breathlessness on 
exertion had lately become worse, and attacks of 
nocturnal dyspnoea were now occurring His B P 
had fallen to 130/80, and although T m IVR had 
become upright a wide Q of 2 mm depth had 
appeared m this lead, and T 2 had become flat 
(Fig 10) 

Comment The records strongly suggest that a 
transient myocardial lesion, at first reversible, 
finally became established Again the cardiographic 
deterioration lagged considerably behind the 
patient s pam 

Case \0 (Fig (\) Man, aged 63 This was a 
case of hypertensive heart disease On admission to 
hospital his B P was 195/115 and his rhythm, con- 
firmed by cardiogram on 30/12/47, was normal, the 
curve showing only signs of left ventncular hyper- 
trophy Transurethral resection of the prostate was 
performed on 2/1/48, and the following day the 
patient complained of extremely severe burning pam 
m the chest and back He was pale and sweating, 
and auricular fibrillation was present The blood 
pressure had fallen to 110/80 and many pulmonary 
crepitations were audible The pain lasted several 
hours and we obtained a cardiogram during the 
attack This confirmed the presence of auricular 
fibrillation and lead CF 4 showed the T wave to be 


upright m some beats and inverted, occasionally 
sharply so, in others At times an upright T wave 
alternated with an inverted one The QRS deflec- 
tion did not show this alternation 

He was immediately given digitalis and also 
oxygen and papavenne By the next day he had 
regained normal rhythm and this persisted A 
record taken on 5/1/48 confirmed the presence of 
normal rhythm, and by that time the T waives in 
CF 4 showed the effect of digitalis only and were all 
of similar form and amplitude At the time of his 
discharge from hospital his B P was 200/105 

Comment Sudden severe pam associated with 
much shock and transient fibrillation occurred on 
the day following prostatectomy During this 
severe pain the T waves m CF 4 showed alternation 
which had disappeared two dajs later when normal 
rhythm had reappeared No Q waves were present 
The only other case we could find illustrated with 
alternation of the T wave from upright to inverted, 
in that case in lead III only, is the one recorded by 
Hamburger, Katz, and Saphir (1936) Their 
patient, a woman aged 48, suffered from anginal 
attacks and at autopsy small multiple recent and 
organizing infarcts were present 

Discussion 

The problem is to determine the nature of the 
underlying pathological state that gives rise to the 
cardiographic changes described Any attempt to 
solve It must be largely conjectural, as the condition 
is of such good prognosis that it rarely presents an 
opportunity for autopsy 

Inversion of the T wave can occur in the apparently 
normal subject, as White (1945) has pointed out 
We therefore first considered whether perhaps some 
of our cases might be accounted for in this way, 
although the presence of cardiac pam, and the fre- 
quently associated hypertension, can scarcely be 
considered as incidental findings Graybiel et al 
(1944) in an analysis of lOOO healthy young aviators, 
could find no example of inversion of T m leads I or 
IV However, Johnson (1940) during periodic 
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Fig 1 ) —Case lO Lead CF 4 rrcorded dunng an attack of cardiac pain The T wave shows at 
times altenwtion, and vanes from being sharply upright to being deeply inverted from beat to 
beat No Q was-es are seen Auncular fibnllation is present 
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routine examinations of 2400 apparently healthy 
males of average age 48 years, found that 1 per cent 
had an mverted or diphasic T 1 and T 2, but only 
standard leads were employed and the degree of 
inversion is not stated Hall et al (1942) using the 
three standard leads discovered among the cardio- 
grams of 2000 members of the Royal Canadian Air 
Force who were fit for air crew, only two records 
(0 1 per cent) in which T 1 was negative and con- 
sidered abnormal In a study of 4810 soldiers, 
mostly psycho-neurotic. Stem (1946) could find only 
four (0 1 per cent) of them with inversion of T 1 and 
T 4 and in three of these the T inversion disappeared 
after exercise Plooij (1946) states emphatically, as 
a result of his investigation of functional variations 
of the T wave, that T 1 is never inverted in health 
The conclusions of Graybiel and White (1935) are 
similar It would therefore seem reasonable to con- 
clude that the T wave changes in our cases were all 
of pathological origin 

Considerable evidence has accumulated that re- 
flexes originating elsewhere than in the heart, in 
particular in the alimentary tract, can cause cardio- 
graphic changes strongly reminiscent of cardiac 
infarction It is well known that, clinically, disease 
of the gall bladder, peptic ulcer, and hiatus hernia of 
the stomach can all produce symptoms that simulate 
angina pectons It has been suggested that such 
diseases can be responsible per se for changes in the 
cardiogiram that resemble those of myocardial in- 
farction Clarke (1945) has shewn that the cardio- 
gram may return to normal after the cure of a 
duodenal ulcer or of cholecystitis, and Brown (1946) 
and Fitz-Hugh and Wolferth (1935) quote similar 
cases Mornson and Swalm (1940) showed how, by 
dilating the oesophagus and stomach of a patient 
suffenng from angina pectoris, changes in the cardio- 
gram could be produced, but this included depression 
of the RS-T segment in lead 1 But the cardio- 
graphic changes as illustrated are minimal and could 
scarcely be confused with our records In addition, 
to the best of our knowledge none of our patients 
had disease of the ahmentary tract The conclusion 
IS that there is no reason on clinical grounds to 
suppose that the abnormal changes in our cases are 
due to derangement m the coronary circulation as a 
result of reflexes originatmg from lesions in the 
alimentary tract or elsewhere 

Of recent years the term “ coronary insufficiency ” 

IS used to explam abnormahty in the cardiogram 
that may be associated with cardiac pam The 
pain can be induced by creating artificially a state of 
general cardiac anoxia, and the associated changes 
in the form of the cardiogram are used by Master 
(1946) and by Levy and his associates (1938, 1940, 
1941, 1942) as an index of the functional efficiency^ 


of the heart Levy insists on the importance of 
deviation of the RS-T segment In a later paper, 
Patterson, Clarke, and Levy (1942) emphasized how 
the incidence of significant changes in the T wave 
increases with the degree of total RS-T deviation 
The records so obtamed do not resemble ours 

It would seem then that our records are not a 
normal variant, neither are they the result of reflexes 
ansing from disease outside the heart, nor are they 
due to general cardiac anoxia Some local abnor- 
mahty in the myocardium, of a temporary and 
reversible nature, is likely to be present Recently 
we have encountered two cases that throw some light 
on the problem 

The first patient, a woman aged 41, under the care 
of Dr Clifford Hoyle, suffering from polyartentis 
nodosa, complained of retrosternal pain during the 
night and her cardiogram next day showed that T 1, 
T 2 and T V4 were inverted and yet no Q waves were 
present (Fig 12) At autopsy there was no infarct, 
but three small nodules were found at the tip of the 
front of the left ventncle On microscopy these 
were confirmed to be due to polyarteritis nodosa, 
and many of the larger branches of the coronary 
arteries were also involved in that disease The 
second case was a man, aged 56, with a blood 
pressure of 180/100, who had been suffering from 
very severe cardiac pain, both at rest and on exertion 
and only of three months’ duration The attacks of 
pain never lasted more than four mmutes His 
cardiogram, less than two days before he died, 
showed inversion of T 1, T 2 and T VL and T V2-6 
mclusive, but with no (5 waves present (Fig 13) 
Yet at autopsy not only were his coronary arteries 
quite free from atheroma, but the muscle of the 
heart was quite normal to close naked eye scrutiny 
and to minute section of it There was nothing 
pathological in the microscopical section, from the 
right and left ventncle and the septum 
It IS possible therefore to have cardiac pain 
accompanied by cardiographic changes suggesting 
infarction, but without Q waves, where, in fact, 
local pathological changes other than infarction are 
present Sometimes with these curves no naked 
eye disease whatsoever is present, and yet the patient 
may succumb For many years the occasional 
absence of pathological changes in the myocardium 
m some patients who have died of angina pectons 
has attracted the attention of clinicians, even to the 
extent of giving rise to Allbutt’s theory that the pain 
was the “ cry of a diseased aorta ” The abnormal 
curves in this type of case show that the myocardium 
may be at fault even though no sign of disease can 
be detected at autopsy 

It has, of course, been known for twenty years 
that a cardiogram taken during and shortly after 
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does not resemble that experienced by our patients 
and neither do the cardiograms he obtained whilst 
they had this pain resemble ours Although 
Sampson and Eliaser (1937) also considered that it 
IS possible to diagnose impending acute coronary 
occlusion, they gave no cardiographic details 
Once an infarct has occurred, provided that 
enough cardiac muscle has died, there is good 
expenmental evidence, as produced by Wilson ef al 
(1933) in dogs, to show that a Q wave will be present 
This suggests that in our cases not much muscle, if 
any, could have died Certainly, in Case 10 of our 
series (Fig 11) in which the T wave in CF4 varied 
so much from beat to beat, it is difficult to see how 
this could result from other than temporary meta- 
bolic disturbances Perhaps the clue to the lesion 
lies in the work of Bayley and his associates As a 
result of expenmental work on dogs, Bayley and 
La Due (1944) state that the electrical phenomena 
resulting from occlusion of the anterior descending 
branch of the left coronary artery are entirely inde- 
pendent of demonstrable pathological changes, and 
that the ischaemia injury changes, though often 
associated with infarction in man, are not to be 
regarded as necessarily diagnostic of infarction In 
another paper, Bayley, La Due, and York (1944) 
used a unipolar lead in contact with the anterior 
surface of the pericardial sac and caused sudden 
complete occlusion of a dog's coronary artery, short 
of producing an infarct They concluded that, con- 
trary to the common belief, the first stage in the 
cardiographic evolution of myocardial infarct is the 
appearance of primary T wave changes which are 
ascribed to local ventncular ischasmia In man, 
Bayley and Monte (1943) encountered a unique case 
A hypertensive man experienced cardiac pain while 
at rest and was considered, by estimating the areas 
under curve QRS and under cur\'e T and calculating 
A QRS, A T, and A QRS-T, to show a severe degree 
of ischsmia in the distribution of the right coronary 
artery This area diminished later and at autopsy 
the acute ischsmia was seen to have resulted from a 
dissecting aneurysm involving this artery No 
cardiac lesion, naked eye or microscopic, was 
present They concluded that “ acute left ventricu- 
lar ischtemia of sufficient intensity to produce striking 
T wave changes of a kind similar to those that occur 
in man with myocardial infarction, and lasting for 
days or even weeks, may be accompanied by no 
structural changes in the myocardium ” They also 
call attention to the independent variation in mag- 
nitude and duration of acute local ischsemia, on the 
one hand, and pain on the other It is not yet 
known how long local ischemia, associated with 
only primary T wave changes, must exist in order to 
be followed by local myocardial fibrosis 


We conclude, therefore, that in our cases the 
presence of what we regard as primary T wave 
changes are the result of ischsmia of the myocardium 
caused by spasm of the coronary arteries We have 
noted also the absence of displacement of the RS-T 
segment and the absence of Q waves The reduction 
in the calibre of the vessel is not sufficient in degree 
or duration to lead to death of the myocardial fibres 
and subsequent fibrosis, or, if it does so, to anything 
but the slightest extent The essential thing is 
coronary spasm, coronary atheroma is not a 
necessary feature We do not know what causes 
such spasm nor why the left coronary artery should 
be involved so much more frequently than the right 
Lisa and McPeak (1940) believe that coronary spasm 
without atheroma can lead to what they term “ acute 
miliary infarction,” and that infection is the precipi- 
tating cause of the spasm Although their histo- 
logical findings bear a striking resemblance to those 
seen in our Case I, infection was not a feature of our 
cases, except possibly in Case 6 


Summary 

When patients thought to be suffering from 
cardiac infarction were followed up, a small pro- 
portion of them were found in whom the cardio- 
gram returned to normal and remained so Most 
of these patients were hypertensive, and in more 
than half of them the attacks of pain ceased though 
the hypertension persisted 

If the cardiogram of such patients is compared 
with that of indisputable infarction, it will be found 
that almost all of them are anterior in distribution, 
that the Q waves are absent or insignificant, and that 
with very few exceptions, there is no current of 
injury however early the record is taken On the 
other hand, we do not claim that a patient yielding 
such a curve as we have described, but not returning 
to normal, has necessarily a good prognosis , and 
we give an example where such a patient died 
suddenly, autopsy revealing no abnormality whatso- 
ever The term “ recovery of the T wave ” does not 
necessarily imply recovery of the patient, although 
the prognosis in the group as a whole is surprisingly 
good 

It IS of course, well known that the majority of 
patients who experience cardiac pain that comes on 
at rest and lasts for, say, more than half an hour, 
will have an abnormal cardiogram But we would 
draw attention to the error of assuming that a 
patient with such pain, but with a normal cardio- 
gram, cannot be suffering from cardiac pain 
Several of our cases had pain that was at first, and on 
more than one occasion, accompanied by a normal 
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record, which only later showed the expected patho- sufficiently long duration does any fibrosis result, and 
logical changes We suggest that prolonged spasm this is minimal 

of the coronary artery is responsible for the cardio- Since submitting this paper we have encountered six 
graphic appearance, and only if the spasm is of further cases, five were antenor and one postenor 
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The pneumoconiosis of coalminers is a primary 
disorder of the lungs that can cause pulmonary 
heart disease, a condition also called cor pulmonale 

The occurrence of nght heart changes in pneumo- 
coniosis was noted by Pancoast and Pendergrass 
{1931) Dyson (1933 and 1934) described the radio- 
logical recognition of heart disease in pneumo- 
coniosis, and in a review of 127 cases found 18 with 
evidence of pulmonary heart disease Discussing 
the pathology of pneumoconiosis, Jaffe (1934) con- 
cluded that the replacement of large parts of the 
lungs by poorly vascularized scar tissue, and the 
occurrence of obliterative changes in the branches of 
the pulmonary artery, interfered greatly with the 
pulmonary circulation Right ventricular hyper- 
trophy followed and failure of the right heart was a 
common cause of death in advanced pneumo- 
coniosis 

Coggins et a I (1938) found that hypertrophy of 
the right ventricle was a common finding in the 
autopsy records of 102 proven cases of pneumo- 
coniosis Other studies of the pathology of pul- 
monary heart disease record right ventricular 
hypertrophy with anthraco-silicosis (Scott and Gar- 
vin, 1941 , Spain and Handler, 1946) In the South 
Wales anthracite coalfield, Gooding (1946) has re- 
viewed a series of 227 post-mortem examinations 
on miners certified as having pneumoconiosis, 37 
per cent are described as having died from cardiac 
failure, usually right-sided 

Emphysema is a common cause of pulmonary 
heart failure Gough (1940, 1946, 1947) has de- 
scribed the occurrence of emphysema in coalminers’ 
pneumoconiosis and has differentiated the focal em- 
physema from the bullous emphysema that occurs 
in later stages of the disease Geever (1947) has 
confirmed the occurrence of pulmonary vascular 
changes 

The clinical course of a pulmonaiy disease may be 
divided into two phases, the pulmonary phase and 
the cardiac phase (Brill, 1939) The clinical features 
of the cardiac phase in pneumoconiosis have been 


described by several writers, some of whom have 
indicated the difficulties in assessing the degree of 
involvement of the right heart (Coggins et a! , 1938, 
Giering and Charr, 1939, and Ketterer, 1941) 

McMichael and Sharpey Schafer (1944) have 
drawn attention to the fact that cases of cor pul- 
monale may have a high cardiac output They have 
found this in patients with emphysema, gross venous 
congestion, and a low arterial oxygen saturation 
In the terminal stages the left heart may fail and pul- 
monary oedema occur 

The pneumoconiosis of coalminers has been pre- 
sented in detail by Fletcher (1948) 

Selection of Cases 

The subjects of this investigation have been in- 
patients under the care of the Pneumoconiosis 
Research Unit (M R C ) at Llandough Hospital A 
certain measure of selection has been exercised in 
this series because of the exclusion of patients with 
any signs of cardiovascular disease other than that 
resulting from the pulmonary disorder There are 
96 cases of coalminers’ pneumoconiosis ranging from 
the earliest detectable stage to the final stage of 
advanced disease and right heart failure Their ages 
vary from 28 to 65 years, but the severity of the 
disease is not proportional to the age For ease of 
description a clinical grading has been adopted, 
based on the history, the degree of dyspneea, and the 
capability for exertion 

The Clinical Examination 
The symptoms of the pulmonary phase were 
dyspnoea, fatigue, cough, and intermittent attacks of 
pain in the chest The dyspnoea was exertional and 
slight at first, but usually increasing in severity 
Paroxysmal dyspnoea was not uncommon and was 
not cardiac m origin A complaint of being easily 
fatigued was often an early symptom Cough was 
present at some stage, sometimes productive in type 
The pain in the chest was the result of the pulmonary 
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Classihcation of Cases 
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No of 
cases 

Grade I 

Those not definitely disabled 

14 

Grade II 

Those with slight disability 

35 

Grade III 

Those with moderate disability 

15 

Grade IV 

Those with senous or complete disability 

32 


disease although sometimes simulating pain of car- 
diac origin The site of the pain m the chest vaned 
from time to time, and its onset was not always 
related to exertion The physical signs of the pul- 
monary phase were similar to those of emphysema 
and chronic bronchitis without heart disease 
The symptoms 6f the cardiac phase were severe 
dyspnoea, gross disability, oedema of the feet and 
ankles, and upper abdominal discomfort The 
patients would often complain only of marked 
exacerbation of their previous condition 
The physical signs of the cardiac phase were 
orthopnoea, cyanosis, engorgement of the neck veins, 
warm hands, oedema of the ankles, tenderness of the 
palpable liver, a full peripheral pulse of regular 
rhythm, and triple heart rhythm 
Orthopnoea might be the earliest sign of imminent 
heart failure and might be related to the history of 
an exacerbation of the pulmonary phase Cyanosis 
was occasionally present with the advanced pul- 
monary phase but was often a sign of right heart 
failure Engorgement of the neck veins was present 
only when the heart failed, it has not been seen in 
this series as a result of the pulmonary disorder 
alone Warm hands were noted when failu-e 
occurred but the sign was less distinctive as failure 
persisted CEdema of the feet or ankles appeared as 
a very early finding and quickly increased to a severe 
degree The liver might be palpable m the pul- 
monary phase owing to the low diaphragm but 
tenderness was limited to the cardiac phase The 
pulse was full and usually of regular rhythm The 
blood pressure in all these cases was between 100 
and 150 mm systolic, and 50 and 90 mm diastolic 
The majority had a blood pressure of the order of 
110 systolic and 70 diastolic The heart size and 
position were difficult to assess The cardiac im- 
pulse was felt in the epigastrium The heart sounds 
were distant except at the sternal margins and in the 
epigastrium Triple heart rhythm (protodiastolic 
gallop) was heard to the left of the lower sternum in 
75 per cent ol the cases when the right heart failed 
There was accentuation or splitting of the second 
‘'Ound in the pulmonary area A systolic murmur 

T 


of moderate intensity was heard in the mitral area 
in two cases Slight sinus tachycardia was evident 
at complete rest and the rate accelerated with the 
shghtest exertion ©ne patient was exceptional m 
having auncular flutter, there were no records of 
auricular fibrillation The hemoglobin levels were 
within normal limits except m two cases where the 
readings were below normal Severe jaundice was 
noted m one case of severe failure and milder 
jaundice in another 

Right heart failure was present in 1 1 cases in 9 
of them It was fatal 

The stage at which right heart involvement first 
occurred was difficult to detect One half of those 
in the pulmonary phase showed a maximal impulse 
at the lower end of the sternum and had accentuation 
or splitting of the pulmonary second sound The 
splitting of the second sound was often audible down 
the left border of the sternum In one instance a 
short diastolic murmur was audible at the pulmonary 
area with the breath held m inspiration The signs 
found in the pulmonary area can be classed as sug- 
gestive of right heart strain The clinical examina- 
tion IS not very helpful in detecting early right heart 
involvement 

The Radiological Examination 

The clinical worth of radiplogy m the study of 
heart disease has been stressed by Parkinson (1936) 
The pathological studies of Kirch (1930) on the right 
ventricle and its inflow and outflow tracts are appli- 
cable to this work Kerley (1931), Schwedell (1946), 
and many others have described the radioscopic 
features of right ventncular enlargement 

Enlargerrient of the right ventricle takes place first 
in the outflow tract and is seen as a prominence of 
the pulmonary conus-artery segment There is 
straightening of the upper left cardiac border in the 
anterior view and an anterior bulge reducing the 
retrosternal space in the right anterior oblique view 
Right ventricular inflow tract enlargement is mani- 
fested" by increasing width and depth of the right 
ventricle in the anterior and the left anterior oblique 
views, particularly m the latter Tomography of the 
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heart shadow in the nght anterior oblique view has 
been found of value m recorduig enlargement of the 
nght ventncular outflow tract 

Two noteworthy changes occur in the shape of the 
heart in pneumoconiosis, one is elongation and 
assumption of a vertical position, the other is 
enlargement of the outflow tract of the nght ventncle 

The general heart shape is analysed m Table JI 
In ten instances, where previous records are avail- 
able, analysis proves that marked elongation of the 
heart shape has occurred, radioscopy now shows 
that the onginal heart shape cannot be reformed by 
any respiratory movement (Fig 1 and 2) The 
diaphragm has been depressed to produce the elonga- 
tion, and m some a further real or apparent 
elongation is produced by the elevation of the lung 
hjla (see Fig 5) 

Five patients m nght heart failure had heart 
shadows rather wider than is expected (Fig 3) The 
belief that widening has occurred due to n^t ven- 
tricular inflow tract enlargement is supported by the 
demonstration of this enlargement in two cases on 
radioscopy, and by the measuring of actual widening 
of the shadow in successive teleradiograms of a third 
case Even so, the radiological and pathological 
size of the hearts of those in failure is small, relative 
to those with the same degree of heart failure from 
other cardiovascular diseases 

Enlargement of the pulmonary artery and of the 
outflow tract is a finding of a major importance 
Their detection is not easy when much elongation is 
present and is even more difficult when there is gross 
distortion The incidence of this finding is given in 
Table U 


Further changes may not be detected in some cases 
for many years Dunng this interval the heart 
usually elongates vertically The final stage is 
reached when the inflow tract dilates and nght heart 
failure follows very quickly 

The period of prominence of the outflow tract 
only IS presumably that of increase in pulmonary 
artery pressure and may be called the stage of nght 
heart strain 

The Electrocardiographic Examination 

The electrocardiographic pattern of nght ven- 
tricular hypertrophy has been descnbed by Wilson 
e/ al (1930, 1944, 1947) and Myers et al , (1948) 
The three standard leads are affected by the position 
of the heart and the examination of prscorffial lead 
tracings is essential in studymg the nght heart The 
presence of right axis deviation irt the standard leads 
accompanied by inversion of T IT and T III is not 
diagnostic of nght ventncular hypertrophy, (Myers 
etaTl 948) In pronounced nght ventncular hyper- 
trophy abnormally large R waves with a late peak, 
frequently Q waves and inverted T waves, are found 
in leads from the right side of the prscordium In 
leads from the left side of the praecordium R is often 
smaller than usual and an S wave persists The 
QRS deflections are not usually large, nor is the 
QRS interval wider than normal 

The standard limb leads have been recorded in all 
cases in this series An analysis of the axis deviation 
IS shown in Table III 

The common pattern in the standard lead tracings 
IS that associated with the long vertical heart— 
QRS of small amplitude in lead I, R wave of good 


TABLE II 


Radiological Changes in the Heart 


Clinical grades 

No of cases 

Long vertical 
heart shape 

Right ventncular 
outflow tract 
enlargement 

I 

14 

1 

Nil 

II 

35 

8 

2 

III 

15 

7 

9 

IV 

32 

2! 

24 


Prominence of the pulmonary conus-artery seg- 
ment has been detected in 4 cases without elongaPon 
of the heart shape or heart failure The remaining 
31 with enlargement of the outflow tract mclude 11 
cases that had signs of right heart failure (Fig 3, 
4, and 6) 

Pulmonary conus-artery enlargement has taken 
place at a comparatively early stage in 2 cases, and 
has been found with moderate disability in 9 others 


amplitude in leads II and III, and frequently a small 
Q wave m leads II and III Inversion of the T wave 
in leads II and III occurs in records from 8 patients, 
6 of whom were in clinical grade IV 
A high P wave m lead 11 hss been descnbed ;n 
pulmonary heart disease by Wintemitz (1935) and 
others, but there is still doubt as to its true signifi- 
cance Thirty-two records show a P wave in lead II 
of an amplitude between 2 and 3 mm , fourteen 




(A) Anterior view (B) Lateral view From a patient, aged 47 In the lateral view the antenor prominence and high curvature of the enlarged nght 
ventricle is seen This patient was in right heart failure The nght ventricular hypertrophy was confirmed post-mortem (See also Fig 7B ) 
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which had been seen on radioscopy 
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TABLE III 

Axis Deviation in Electrocardiograms 


Axis | 

1 

0° to -f 29° 

i 1 

+ 30° to + 59° j 

-f 60° to + 89° 

^ -t- 90° to -f 120° 1 

Over 
-f 120° 

Cases j 

12 

13 , 

' 1 

40 

1 28 1 

1 : 

3 


have a P wave over 3 mm amplitude in lead II 
The P wave is abnormally high in these fourteen 
cases, ten of whom are in clinical grade IV It only 
coincides with other detectable signs of right heart 
involvement in nine cases The possibility that 
rotation of the heart is responsible for the high P 
wave of lead II cannot be excluded (Fig 7) 

The unipolar limb leads have been recorded in 
twenty cases VL has a QS deflection in fifteen, 
which IS indicative of the vertical heart position 
VR in five tracings has an R wave suggestive of 
right ventricular hypertrophy 
Chest leads have been recorded in all cases, CR 
leads in the first 30 and V leads in the other 66 cases 
In eight tracings the pattern of pronounced nght 
ventricular hypertrophy was seen (Fig 7) All had 
radiological evidence of right ventricular prominence 
and post-mortem confirmation of the hypertrophy of 
the right ventricle has been obtained in three of them 
There is a second group of eight tracings with a 
distinctive pattern The QRS complex in leads 
from the right side (V4R, V3R, VI) is of low ampli- 
tude and has a RSR' form, leads from the left side 
of the prfficordium show a persistent S wave This 
pattern is suggestive, but not evidence, of right 
ventricular hypertrophy (Fig 7D) Three of these 
patients had right heart failure and the right heart 
hypertrophy has been confirmed post-mortem, three 
others had radiological evidence of nght ventricular 
prominence 

A third group of ten tracings shows a predomi- 
nantly S wave pattern from the right side of the 
chest with a small S wave persisting through V4 to 
V6 (Fig 7E) The R wave is of normal character 
in the leads from the left chest This pattern is not 
evidence of right ventricular hypertrophy but is of 
interest because six of these cases were considered to 
have right heart strain and the nght ventricular 
hypertrophy has been confirmed at autopsy in two 
of them It is apparent that rotation has played a 
part in producing this pattern and the taking of 
leads from other positions may be of value in con- 
firming the change in the heart . , 

Twenty-six records thus show abnormality but me 
classical pattern of ventricular right preponderance 
is found only in eight The second chest lead pattern 
described above deserves to be classed as suggestive 


of right heart involvement It is clear that the 
position of the heart, changed as it may often be in 
this disease, can modify the chest lead pattern and it 
IS important therefore to take leads from positions 
further to the nght than lead VI and from as far 
left as V6 

In thirty cases unipolar leads from the right upper 
abdominal quadrant and from the left upper scapular 
region have been taken (Goldberger, 1944) The 
results were not conclusive and heart position again 
seemed to cause vanation The majority had an 
upnght complex in the abdominal lead, and a down- 
ward complex in the scapular lead, a few were 
diphasic in nature and of very low amplitude 


Conclusions 

Right heart failure occurs in the late stage of 
pneumoconiosis of coalminers as a result of the 
pulmonary lesions When this happens, the clinical 
picture IS the same as that found in heart failure 
due to other pulmonary diseases, it is true pul- 
monary heart disease There is radiological evi- 
dence of the right ventricular enlargement and in 
some cases there is electrocardiographic evidence of 
right ventricular hypertrophy Other factors such 
as rotation of the heart or distortion may mask the 
typical cardiographic or radiological features 

In the early stages of pneumoconiosis, no evidence 
of right heart involvement can be detected by the 
methods used in this investigation 

There are cases in the intermediate stages in whom 
evidence of nght heart strain has been found 
Accentuation and splitting of the pulmonary second 
sound are early signs suggestive of an increase in the 
tension in the pulmonary artery Later in tne 
disease it has been possible to demonstrate a 
nence of the pulmonary artery and of the outflow 
tract of the nght ventncle The electrocardiograp 
has not been as helpful in this group, but has soine- 
times provided supporting evidence of ri^t ventri- 
cular hypertrophy This right heart strain can 
persist for a long penod, amounting to some years, 

before the final stage of right heart J'l 

Clearly not more than 50 per cent of the total will 

develop right heart failure „ „f thp 

The order and frequency of appearance of th 
signs of right heart strain are only to be expected 
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Fig 7 —Cardiograms of five patients with nght heart involvement The chest Jeads m (B) 
are CR leads, all others are V leads 

(A) Clinical grade IV The pattern is that of nght ventncular hjpertrophy This 
agreed with the other findings 

(B) The pattern is that of nght ventncular hypertrophy but auncular flutter is also 
present 'fte same case as in Fig 3 

(C) Right ventncular hypertrophy which was confirmed later, post-mortem 

(D) Clinical and radiological evidence of nght heart strain, the pattern is placed in 
the second group desenbed in the text as suggestive of nght heart strain 

(E) The " S ” wave chest lead pattern placed in group three in the text, and not 
taken as evidence of right heart strain It is probably caused by rotation of the heart 
The presence of nght \entncular hypertrophy was confirmed later in this case 

R U A IS the unipolar lead taken from the nght upper abdominal quadrant 
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when It IS realized that the initial causation is the 
change in the dynamics of the pulmonary circulation 
Increase in the pulmonary arterial pressure first 
affects the pulmonary second sound, then dynamic 
enlargement of the pulmonary artery appears There 
follows a dynamic enlargement of the right ventri- 
cular outflow tract and it is only when hypertrophy 
takes place in this tract that the electrocardiographic 
changes can be expected The progression is slow 
but super-added respiratory infections can precipi- 
tate the process 

The relating of the signs of right ventricular stram 
to the pulmonary changes is difficult Coumand 
(1947) has drawn attention to the presence of pul- 
monary hypertension m patients with pulmonary 
fibrosis and moderate emphysema, when pulmonary 
hypertension has not been found in those with 
moderate emphysema alone Right heart strain is 
present in cases m this senes without severe bullous 
emphysema but, as shown by Gough, focal emphy- 
sema, fine radiatmg fibrosis, and pulmonary vascular 
changes may be present The clmical disability of 
such cases is only moderate in degree, but the findings 


in this investigation suggest that pulmonary hyper- 
tension IS already present A closer investigation of 
the respu-atory functions of patients with early nght 
ventricular strain may help to elucidate the factors 
involved in the causation of pulmonary hypertension 

Summary 

A clinical study of the cardiovascular system has 
been made in 96 patients with pneumoconiosis of 
coalminers Eleven patients had right heart failure 
and another twenty-four had evidence of enlarge- 
ment of the right ventncular outflow tract Radio- 
logical examination has been of most value in 
detectmg early right heart involvement Electro- 
cardiographic examination has been helpful in some 
cases, and the cardiographic patterns are described 

I wish to thank Dr C M Fletcher, Director of the 
Pneumocomosis Research Unit (M R C ) for iiermission 
to study the cases under his care and for access to the 
records of these cases A part of this work was incor- 
porated m a Thesis accepted by the University of Wales 
m 1947 
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PROCEEDINGS OF THE BRITISH CARDIAC SOCIETY 


The Twelth Annual General Meeting of the 
Bntish Cardiac Society was held at the Liverpool 
Medical Institution on Thursday, May 13, 1948 
Chairman John Hay The Chairman took the 
chair at 9 30 a m , 82 members and 1 2 visitors were 
present 

Private Business 

1 The minutes of the last Annual Meeting, having 

been published m the Journal (9, 304, 1947) 
were taken as read and confirmed 

2 The balance sheet for 1947-48 was presented, 

having been audited by Hay and Wyn Jones 
The credit balance on Apnl 21, 1948, was 
£88 Us. Ad 

3 The meeting confirmed the action of the Council 

(under Mmute 7 of the last meetmg) in con- 
femng Honorary Membership on 
Dr Helen Taussig, Baltimore 
Dr Alfred Blalock, Baltimore 
Dr Harold Pardee, New York 
Dr Andre Coumand, New York 
Dr Camille Lian, Pans 

4 Cotton was elected as a member of the Council m 

place of Wallace-Jones (resigned) Cookson 
and I G W Hill were elected in place of Peel 
and Parsons-Smith (terms of office expired) 

5 Athelstone Hill was elected as an Extra-Ordinary 

Member 

6 The following Associate Members were elected as 

Ordinary Members 

Amott, Lendrum, Hunter, O Donovan, Kerley 

7 The following new Associate Members were 

elected 

G Aitken, Glasgow 
C G Baker, London 
R E Bonham Carter, London 
E M Buzzard, Oxford 
W E Clarke, London 


D H Davies, Bristol 
Frances Gardner, London 
J Gibson Graham, Glasgow 
T E Gumpert, Sheffield 
G Hayward, London 
S Oram, London 

8 The following Associate Members were elected for 

a further penod of three years 
R J Duthie E Graham Jones 

J G M Hamilton B B Morgan 
F M Hilliard W R Snodgrass 

J C Hoyle A J Wilson 

9 The following addition was made to Rule 6 

“In addition there may be 10 Ordinary 
Members who may be elected for their 
mterest m cardiovascular surgery ” 

It was agreed that the Council should decide from 
time to time whether Rule 1 2 should be enforced 
as regards these members 
After discussion it was agreed that surgeons 
specializing in surgery of the sympathetic 
should be included under this addition to 
Rule 6 and it was also agreed that the operation 
of this rule should not hinder election of new 
Ordinary Members from the list of Associate 
Members 

10 The following Surgeons were elected as Ordmary 

Members under the new addition to Rule 6 
R C Brock C Price Thomas 

P R Allison O S Tubbs 

T Holmes Sellors Vernon C Thompson 

1 1 Resignations were received and accepted from 
A G Biggam, I de Burgh Daly, M Kremer 

12 After discussion it was agreed that an Autumn 

Meeting should be held this year as an experi- 
ment, some time in October, and that the place 
of the Meeting should be left to the Council for 
decision 


Discussion on Sympathectomy in Hypertension 
Opened by Robert Platt, Rae Gilchrist, Clifford Wilson, and W T Cooke 

Robert Platt {introduced) Although sym- proposed to discuss how sympathectomy acts but it 

pathectomy may be described as dangerous, un- is important to be sure that the patients are better 

physiological, and undesirable, it must be admitted for the reduction in blood pressure Undoubtedly 

that in a certain number of cases — probably 30 to 40 they are, for symptoms disappear, the heart size 

per cent — it achieves results that are clearly worth diminishes, electrocardiograms improve, and retino- 

while and cannot be achieved by any other method pathy may disappear, and there is no evidence of 

LI present time In some of these the deterioration in renal function as a result of the 

blood pressure is brought from dangerous levels into operation 

a range of comparative or complete safety It is not The question of selection is difficult and makes it 
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usually impossible to compare one senes with an- 
other If the procedure were harmless and reliable 
obviously It should be used in an early stage of the 
disease As it is neither, the speaker has reserved 
operation for cases in which the prognosis is other- 
wise judged to be bad These are usually patients 
under 50 years of age with diastolic pressures remain- 
ing at 125 or more after adequate rest, provided that 
renal and cardiac function are not badly affected, or 
artenosclerotic changes advanced Early signs of 
impending cardiac failure or a transient cerebral 
incident have been regarded as indications for 
operation as soon as possible Such a selection is 
hard on the surgeon and liable to increase the 
mortahty 

Pentothal and other depressor tests show a general 
correlation with the results of sympathectomy in that 
the patients who do not respond to the one rarely 
respond to the other, but there are exceptions and a 
poor response to depressor tests has not been 
regarded as ruling out treatment by operation 

In Manchester an extensive operation has been 
done by Boyd m two, three, and sometimes four 
stages, the sympathetic chain being removed from the 
4th dorsal to the 3rd lumbar, since GAG Mitchell 
{Edm med J , 1947, 54, 545) has shown that this 
is necessary in order to be reasonably certain that 
the sphlanchnic area is denervated 

Table I shows the results to date in 54 cases 
These are not classified with regard to stiology but 
successes have included essential hypertension, 
chronic pyelonephritis, and hypertension resulting 
from pregnancy kidney The cases described as of 
malignant type have all shown papilloedema with 
very high diastolic pressures 


TABLE I 

Results of Sympathectomy, May 1948 



Total 

Malignant 

type 

Still incomplete or too recent 

10 

4 

Failed to complete operation 

4 

3 

Deaths 

10 

3 

Failures after complete operation 

14 

3 

Worth while result 

5 

3 

Good result 

11 

1 

Total 

54 1 

17 


Table II shows the change in diastolic pressure 
after operation, and it will be noted that in the 1 1 
cases classified as “ good results ” the average post- 
operative bldod pressure is at a very satisfactory 
level Cases recorded as “worth while” would 


appear to have had their pressures reduced to much 
safer (though still not satisfactory) levels 

TABLE II 


Sympathectomy Cases, May 1948 


Group 

1 

Average 

1 age 

1 

Average 

pre-op 

pressure 

Average 
post-op 
pressure I 
(lying) 1 

Change 

in 

diastolic 

Good results 
Worth while 

36 

210/130 

140/90 ' 

- 40 

results 

38 

230/145 

180/1101 

- 35 

Failed 

37 

230/140 

230/140 j 

0 


A H Radcliffe, in Professor Boyd’s department, 
has been using a sensitive method of charting 
electrical skin resistance and finds that in the failures 
the area of skin which has been efficiently sym- 
pathectomized is much smaller than in the successful 
cases The correlation is not exact but the investiga- 
tion suggests that in many cases failure is due to the 
fact that efficient sympathectomy has not been 
achieved This may be due to anatomical anomalies 

Owing to a number of deaths having occurred as 
a result of the operation a physician was detailed to 
watch some of the operations The sudden falls of 
pressure which may occur as the result of anaesthesia, 
movement of the patient, and the operation itself, 
are extremely alarming, and it is felt that some of the 
fatalities could have been avoided if the anaesthetists 
had had a clearer appreciation of the dangers A 
sudden fall in pressure can usually be combated by 
methedrine 

Rae Gilchrist As the leading cause of death 
and with complicatioris more widespread and more 
devastating than the ravages of malignant disease, 
the degenerative process labelled “ hypertension 
remains our greatest medical problem The pressing 
need at the present time is the development of 
methods for the prevention of vascular damage at 
the sites that take the brunt of the burden, namely 
the retinal, renal, cerebral, and coronary systems 
Until such time as a rational specific therapy is 
available, as m diabetes or pernicious anaemia, treat- 
ment necessarily falls short of the ideal and sympto- 
matic measures, whether medical or surgical, must 
be employed in a palliative sense We recognize 
their inadequacy 

It might well be thought that the evaluation of a 
precise method of treatment such as sympathetic 
surgery offers for a state of affairs so common and 
so easily recognized as essential hypertension should 
not present any great difficulty The reverse, 
ever, is the case An adequate knowledge of the 
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course and complications of hypertension is un- 
fortunately lacking In consequence it is difficult to 
compare the results obtained by medical and surgical 
methods There are so many interacting factors 
such as age, sex, duration, seventy, renal function, 
retinal grouping, and, above all, vascular vul- 
nerability, that It IS difficult to present for study 
exactly comparable groups — the one treated sur- 
gically and the other medically Recognizing the 
limitations and admitting the crude method of 
analysis employed, a companson of the results ob- 
tained, based on a study of 126 cases of hypertension, 
has led to the following tentative conclusions Our 
data have not yet been submitted to specialized 
statistical methods and are therefore open to criticism 
Our results are largely impressions 
Eighty patients suffering from benign hypertension 
received medical care exclusively and forty-six 
received in addition surgical attention All were 
subjected to detailed investigations according to a 
predetermined routine and have been followed for 
penods up to 5 and 8-^ years, respectively 
Symptoms as a test of cure are misleading in that 
their intensity cannot be gauged with accuracy, and 
the spontaneous fluctuations and natural remissions, 
which are a feature of the disease process, make 
accurate deductions alL the more difficult Never- 
theless, in the medical group symptomatic improve- 
ment was observed, though the changes were 
relatively slight In the surgical group, m whom 
symptoms were distinctly more severe, symptomatic 
improvement was stnking For instance, in the 
medical group, at the end of 3 years, 20 per cent were 
symptom free, and in the surgical group approxi- 
mately 50 per cent We do not have sufficient facts 
to warrant the conclusion that sympathectomy 
postpones the date of death from vascular disease 
Progress has also been assessed on the response 
of the diastolic blood pressure This sign is also 
admittedly fallacious, for if there is one finding more 
misleading than another, more liable to unpredictable 
fluctuations, it is the blood pressure level The 
diastolic pressure has a smaller range than the 
systolic and we have therefore attempted to make 
use of It for comparative purposes by recording the 
figures m the horizontal position after at least half- 
an-hour’s rest, the subject being thoroughly ac- 
customed to the surroundings, the technique, and the 
observer In the medical group the tendency is for 
the diastolic pressure to nse with the passage of time 
Companng the findings at the end of 3 years, there 
>s an increase m the number of patients with a 
diastolic pressure over 120, just as there is a decrease 
m the number of those with a diastolic pressure 100 
or less There is therefore a tendency for the 
lastolic pressure to rise, despite a reduction in the 


severity of the symptoms In the surgical group at 
the end of 3 years there is an increase in the number 
of patients with diastolic pressures under 100 and 
some reduction in the number of those in the middle 
ranges, without much alteration in the proportion of 
patients with diastolic pressures over 120 It there- 
fore appears that 3 years after sympathectomy a 
significant fall of diastolic pressure remains evident 
in approximately 20 per cent of the patients sub- 
mitted to surgery There were 5 fatal cases in the 46 
submitted to surgery All died from vascular causes 

Thirty patients suffering from malignant hyper- 
tension have been under observation, 10 of whom 
had sympathectomies done — a number too few to 
justify statistical analysis, but the facts observed are 
worth recording The 20 patients treated medically 
without exception died within six months of coming 
under observation Of the 10 receiving surgical 
treatment, 3 obtained no benefit and in the light of 
further experience would not now be submitted to 
surgery Moderate benefit, enabling a return to 
work for a year or two, in 2 patients was encouraging 
The remaining 5 have made remarkable improve- 
ment, all showing a regression in the retinitis and a 
subsidence of the papilloedema, without, however, 
any significant change m the level of the diastolic 
pressure Our most remarkable case is a man aged 
47, well and m steady employment 4 years after 
sympathectomy He came under observation on 
account of haemoptysis with papilloedema 

It is in this group that sympathetic surgery can 
claim its greatest achievements Provided renal 
function IS reasonably good and heart failure does 
not threaten, a bilateral sympathectomy can arrest 
the degenerative process, restore vision, relieve 
symptoms, and apparently prolong life 

Surgery is not the ideal treatment of hypertension 
As a palliative measure it is capable of relieving 
symptoms, even when these are severe, m about 50 per 
cent of patients, carefully chosen for this procedure 
It has little effect on the diastolic blood pressure 
level in only about 20 per cent is the diastolic 
pressure restored to normal These results are far 
from ideal, but they are better than those obtained 
by purely medical means 

The contra-indications to surgical intervention are 
artenosclerosis, angina, congestive failure, and im- 
paired renal function Minor cerebral episodes, 
even transient hemiplegias, do not necessarily contra- 
indicate surgery In the desperate condition labelled 
“ malignant hypertension ” surgery can postpone 
the fatal outcome, restore vision, relieve symptoms, 
and enable the sufferer to return to work — an 
achievement that has hitherto not resulted from any 
medical measures so far employed 

Clifford Wilson (introduced) presented the results 



296 


PROCEEDINGS OF THE 


of lumbo-dorsal sympathectomy in 46 cases of 
hypertension followed for six months to five years 
Twenty-five cases were diagnosed malignant hyper- 
tension, eleven severe benign hypertension in young 
subjects, and ten primary renal disease The effect 
of cerebral and cardiac complications, and of renal 
impairment on the surgical nsk was discussed In 
general the malignant hypertension syndrome earned 
a greater nsk than any of these complications taken 
singly but cardiac asthma or renal failure with blood 
urea up to 100 mg usually contra-indicated opera- 
tion 

Analysis of results showed that dunng the five- 
year penod 18 of the 46 cases had died, 14 of these 
were diagnosed malignant hypertension Mortality 
was greater and survival penods shorter m males 
than m females Examining the diagnostic groups 
separately in malignant hypertension where the need 
for some form of therapy is most urgent, the opera- 
tive nsks are grave and the results disappointing 
In selected cases the operation may increase the 
expectation of life by two or three years In the 
present senes, the longest survival period was 4| 
years, in almost all cases there was symptomatic 
relief particularly from headaches, and retinal 
changes, including papilloedema, improved or dis- 
appeared Severe benign hypertension in young sub- 
jects would seem to provide the most favourable 
indication, foe sympathectomy but unfortunately 
improvement is largely subjective and the ultimate 
effect on prognosis is difficult to assess In our 
group of 10 cases there were no deaths, but sustained 
fall m blood pressure was observed in only 3 patients 

In primary renal disease (bilateral) with severe 
hypertension but with good renal function, the 
results of operation were encouraging and it seems 
possible that in these patients progressive renal 
deterioration may be retarded 


In conclusion, more emphasis should be placed on 
diagnosis, renal biopsy should be performed at 
operation in order to confirm the clinical diagnosis 
In benign hypertension the natural history of the 
disease should be more carefully studied so as to 
provide a control group against which the operative 
results would be more reliably assessed 

W T Cooke In Birmingham, a Smithwick 
operation has been performed upon 50 patients more 
than 12 months ago by Mr W H Sweet, Brodie 
Hughes, and J M Small The mam features are 
summarized in Table III 

In the absence of a large control group, blood 
pressure changes and survival rates are of little value 
in assessing the merits of the operation The pro- 
cedure appears to have been beneficial for certain 
subjecuve reasons — the disappearance of severe 
headaches and lassitude, and increased capacity for 
work Thus of the whole group, approximately 25 
per cent, including 5 of Grade IV seventy, are work- 
ing full time in factory or the home, approximately 
one-third are dead or invalids, whilst the remainder 
are improved and not prevented from working, 
though still incapacitated to some extent Objectively 
2 out of 30 of the patients showed decrease in heart 
size, the remainder no change Ha;morrhages and 
papilloedema cleared up in all those m whom they 
were present Of 25 patients with abnormal cardio- 
grams, 10 became normal after operation and 4 
showed only left axis deviation 
In 25 cases, renal plasma flow and glomerular 
filtration rate was determined, and in 20 cases, 
effective kidney mass These determinations though 
revealing ail stages of kidney impairment, gave no 
indication as to whether an operation might be suc- 
cessful Renal biopsy on 16 patients also revealed 
the great diversify of kidney pathology, which was 


TABLE III 


Men 

Women 

Average age 

Average blood pressure 

Average fall 

Normal blood pressure 

Deaths 

Untraced 

Average survival 


) Grade I and II 


I 


5 

16 

42 

236/143 

47/25 


! Living (18) 
' 30 months 


Average survival whole group living and dead 


Grade III 

Grade IV 

Total 

3 

11 1 

19 

6 

' 9 

31 

41 8 

, 40 1 

41 (10-58 

233/137 

240/144 

237/142 

70/35 

2 

1 43/34 ( 

2 

4 

0 

8 

9 

Living (9) 

31 months 

i ^ 1 

1 Living (10) 

1 35 8 months ‘ 

4 


28 7 months 


32 5 months 
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often completely unsuspected clmically For these 
reasons, it is of utmost importance that renal biopsies 
should be taken as a routme if any accurate assess- 
ipent of results is to be obtamed m the future 
Cerebral catastrophes which had occurred m 15 
patients did not prove a contra-mdication Six are 
workmg ftiU time Four have normal blood pres- 
sures mcludmg two who have each two normal 
pregnancies Four are dead Of four patients with 
congestive cardiad failure, one responded drama- 
Ucally and is now workmg 
In this senes, there were patients in whom the 


operation appeared hfe-savmg, and others to 
mdicate that there was a place for surgery m the 
treatment of hypertension and papillcedema below 
the age of 50, for progressive hypertension m the 
young age groups with signs of mcipient failure of 
cerebrum, kidneys, or heart, or at any age for the 
rehef of the mtractable type of headache occumng 
m hypertension Contra-mdications are advanced 
kidney failure, generalized artenosclerosis, recent 
cerebral hsemorrhage, or any case with marked 
functional overlay 


Short Communications 


Measurement of Pulse Volume 

By E B CoLEGRAVE AND T G Richards 
{introduced) 

A method is descnbed by which true pulse volume 
may be measured at any external pressure A tnple 
anrfet is used and volume is directly measured by a 
liqmd lens of neghgible merha 
It was shown that the orthodox graph of pulse 
volume agamst external pressure cannot give a 
denved curve of artenal collapse The mstabihty 
m collapse which makes this impossible is found to 
be related to the total artenal ngidity, which may 
then be calculated The mtemal pressure valves are 
given by subtractmg the valve of mtemal ngidity 
from the clmical blood pressure figures 
Artenal resistances to collapse m normal subjects 
are found to be of the same order Much higher 
figure are found m artenosclerosis In true hyper- 
tension the figure depends upon the seventy and 
duration of the disease Artenal ngidity may occur 
before electrocardiographic changes are evident 

Complete Heart Block Associated with 
Amcebic Hepatitis 

M D Rawkins and G E S Konstam 
{introduced) 

An ex-army officer, aged 28, complamed of famt- 
aig attacks over a penod of three days and pam 
over the lower sternum aggravated by breathmg In 
1942 whilst serving m the Western Desert he had 
Penodic attacks of mild diarrhoea, for which he did 
not receive treatment, and smce then occasional 
diarrhoea, but none for mne months 
There was no history of rheumatic fever nor 
diphthena but he had had scarlet fever, when 19, and 
smce then occasional pams in the limbs 
On exammation (1/1/48) he was well nourished 
2d 


Restmg pulse 40 and regular B P 145/70 Heart 
not enlarged, no murmurs Liver dullness extended 
upwards m the mid-axiIlary hne to fourth space, 
edge not felt 

Cardiogram showed C HJB and X-ray examma- 
tion showed that the right dome of the diaphragm 
was considerably raised, immobile, and its outlme 
blurred The transverse diameter of the heart was 
shghtly mcreased to the left and nght The ap- 
pearances were typical of amoebic hepatitis but stool 
examinations were negative for E histolytica and 
sigmoidoscopy showed normal appearances 
A course of eleven emetme HCl (gr 1) injections 
was started and after the third iiyection the pulse 
rate mcreased to 80, with a P-R mterval of 0 2 sec , 
the chest pam disappeared, and the Stokes-Adams 
attacks ceased 

A further X-ray exammation showed free move- 
ment of the diaphragm and the nght dome had 
returned to its normal level and was regular m 
outlme 

Heart block associated with amoebiasis is a ranty 
We have found m the last twenty-three years thr^ 
other cases of A-V dissociation (Petzetakis, Arch 
Mai Coeur, 1925, 18, 70, Gerbasi, La Pediatria , 
1931, 39, 513, Heihg and Visveswar, Indian Med 
Gaz , 1943, 78, 419 ) In each this comphcation 
occurred durmg active dysentery and response to 
emetme seemed certam m only one 

In the course of prolonged diarrhoea other factors 
that could influence the conductmg tissue are 
anmmia, toxaemia, thiamm and nicotmic acid 
deficiency, penpheral cnculatory failure, uraemia, 
and possibly abnormal blood and tissue chemistry 
The case here descnbed had not had diarrhoea for 
mne months amd both the hepatitis and heart block 
appeared to respond promptly to emetme An 
amoebic metastasis m the heart therefore seemed 
more probable than an indirect toxic eflect on the 
conductmg tissues 
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Stokes-auams Attack in Latent Heart Block 
By G Bourne 

Two cases of Stokes-Adams attacks were described 
m which the underlying disease of the bundle was 
not suspected to be cause of the attacks, one had 
been examined by a cardiologist and the other by a 
general physician In each the history of the attacks 
aroused suspiaon as to their possible cause The 
first patient was a man of 70 who for seven months 
previously at mtervals of a month or less had had 
constant attacks of syncope These were abrupt m 
onset, lasted three to five seconds, and were not 
followed by any headache, drowsmess, or any other 
sequelae He was just as well after the attacks as 
before The heart showed moderate enlargement on 
cardioscopy There was a harsh systohc murmur 
at the apex base The heart rate was 56 and was 
regular The blood pressure was 116/72 The 
cardiogram showed a P-R interval of 0 2 sec and a 
prolonged QRS complex He was given ephedrme 
0 5 grains 1 1 d , and from that day, a penod of 21 
months, has remamed free from attacks 

The second patient was a woman of 61 with a two 
years history of from four to eight weeks mterval 
between attacks, but the frequency of the attacks 
had mcreased for a month or two previous *to 
exammation The attacks were abrupt and were 
followed by no sequelae, nor were they preceded by 
any wammg They lasted ten seconds, for the 
husband was m the habit of countmg ten seconds by 
which time he knew that his wife would recover 
She had been thoroughly mvestigated for epilepsy 
There was an aortic systohc murmur The blood 
pressure was 150/90 The cardiogram showed an 
increased P-R mterval of 0 23 sec Cardioscopy 
showed moderate enlargement Further tracmgs 
taken to exclude a previous infarct were done and m 
two of these a true heart block was shown The 
purpose of showmg the cases was to stress the 
importance of an exact history m suspectmg 
examples of Stokes-Adams attack m patients hither- 
to unsuspected of heart block 

Heart Block m Osteitis Deformans 

By C V Harrison and B Lennox 
^introduced) 

The authors reported two cases The first was a 
woman of 71 who, while m hospital with advanced 
Paget’s disease, developed Stokes-Adams attacks 
with temporary complete heart block At autopsy 
there was calcification along the base of the mitral 
valve which had spread on to the mterventncular 
septum to mvolve the bundle of His The second 
was a man of 74 with advanced Paget’s disease who 
was admitted with recent dvsnnoea and found to have 


complete heart block He died soon after admission 
and at autopsy there was calcification along the 
bases of the mitral and aortic valves and spread on 
to the septum mvolving the bundle of His 
The authors beheve that this associahon between 
Paget’s disease and cardiac calcification is not 
fortuitous An analysis of 30 published post- 
mortem records on cases of Paget’s disease revealed 
that 1 1 of them had cardiac calcification Sunilarly, 

13 cases of Paget’s disease m their own departmental 
records mcluded 6 cases with cardiac calcification 
From a comparison of these figures with those 
from a control senes of routme autopsies, the 
authors concluded that cardiac calcification was five 
times as common m Paget’s disease as in controls 
and that the heart block observed chnicaUy m their 
two cases is to be regarded as a true comphcation of 
Paget’s disease 

Two Newer Murmurs in Diastole 
By William Evans 

The first was a tnvial or incidental murmur in 
early diastole, exocardial m ongm, and found in 
cases of sternal depression, the murmur was not 
evidence of aortic incompetence 
The second was a cohtmuous murmur m systole 
and diastole which is the outcome of a smaU ^nd 
unimportant A-V fistula and should be distmguished 
from the murmur of patent ductus artenosus in 
order to save patients from unnecessary operation 
The phonocardiogram will deade both climcal 
problems 

Phonocardiography in Heart Disease 
By E D H CowEN {introduced) 

A phonocardiographic investigation of systohc 
murmurs (1) m valvular and congemtal heart disease 
(63 cases) and (2) m subjects without other evidence 
of cardiac disability (40 cases), revealed no significant 
difference m time of onset of the murmur m relation 
to the S fine of lead n of the electrocardiogram in the 
two groups This analysis was undertaken foUow- 
mg the work of W Evans (Brit Heart / , 9, 1 and 225, 
1947) 

A new phonocardiograph evolved by the Cam- 
bridge Instrument Company m collaboration with 
the author was used, consisting of a piezo-electnc 
crystal microphone, andion tube amplifier, and 
double fibre stung galvanometer A frequency 
response curve of this instrument was shown in a 
discussion on the cahbration of phonocardiography 
Phonocardiograms taken by the new instrument 
were shown, m which it was demonstrated, confirm- 
ing many previous workers, that there is no exact 
correspondence between the mechamcal and electrical 
events of the cardiac cycle 
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Angiocardiography as a Diagnostic Aid 
By Frances Gardner 

The angiocardiographic work descnbed m this 
report is confined to congenital heart disease The 
technique employed is that descnbed by Robb and 
Sternberg m 193& with the addition of a prehmmary 
intravenous sensitivity test 

The film cassettes are changed by hand and, only 
one exposure every three seconds is possible The 
arm-lung cu'culation time is a rehable gmde to the 
exposure time for the nght heart The arm-tongue 
arculation time is extremely unrehable as a guide to. 
similar times for the left heart and aorta Good 
contrast films of these structures are therefore diflB- 
cult to obtain unless large quantities of radio-opaque 
matenal are used 

The shdes demonstrate the angiocardiographic 
appearances m the foUowmg conditions 

1 Congemtal dilatation of the pulmonary artery 

with stenosis and mcompetence of the pul- 
monary valve 

2 Isolated pulnjonary stenosis 

3 Patent ductus artenosus 

4 Fallot’s tetralogy 

5 Pulmonary atresia with patent ductus artenoteus 

6 Coarctation of the aorta 

There are probably few congemtal heart lesions 
where angiocardiography is essential for accurate 
diagnosis It is, however, valuable as a method of 
visualizmg the precise anatomy of the pulmonary 
circulation and the site and extent of aortic coarcta- 
tion 

A Clinical Comparison of CR, CF, and 
Unipolar Chest Leads 

By Aubrey Leatham (introduced) 

Leavmg aside theoretical copsiderations of the 
relative advantages of certain chest leads now m 
common use, an mvestigation has been made of the 
clinical value of these leads Standard limb leads, 
unipolar limb leads, and chest leads CR, CF, and 
VI to 7 have been taken m over 300 cases so far, 
and the following conclusions have been reached 

In rare cases of cardiac pam the CF lead has 
shown changes m the T wave that were not found m 
cither CR or V leads Smce such an event is so 
and since the lead commonly shows similar 
^ anges m healthy subjects, and must then be read 

conjunction with the unipolar limb leads, the 
practice of recording CF as the only chest lead 
Should be condemned 

In CR leads, T wave positivity tends to be exag- 
^ra ed which is an advantage m health, but m very 
th conceal small changes m the T wave 

u are indicative of disease, however, only once did 

U 


the V chest leads show a change m a patient with 
cardiac pain that was not present in the CR leads 
A^ disadvantage of V leads is the fact that m health 
the T wave m VI is often mverted, and the T waves 
m V6 and V7 are customarily low and may be flat, 
or even inverted m V7 

Tuberculous Pericarditis 
By A A F Peel 

Published m full, Brit Heart J , 10, 195, 1948 

Cardiac Infarction Complicated by Bundle 
Branch Block 

By W Somerville (introduced) 

An attempt has been made to estmiate the fre- 
quency with which an electrocardiographic diagnosis 
of cardiac infarction can be made in the presence of 
bundle branch block 

A senes of 58 cases each with a clear history of 
cardiac infarction and a cardiogram showmg bundle 
branch block was exammed The cases fell mto 
two groups, m one, the pathological signs of 
infarction were present in the cardiogram m addition 
to those of bundle branch block (37 cases), m the 
other group, the signs of infarction were suppressed 
(21 cases) There were 34 cases ofleft bundle branch 
block, m 15 of which the signs of infarrtion were 
present, and 24 cases of nght bundle branch block, 
m 22 of which the signs of infarction were present 
The distnbution of the abnormal Q and T waves, 
and RS-T segment deviations, diagnostic of cardiac 
infarction is set down in Table IV The term chest 
leads refers to urapolar leads VI to V6 or V7, in a 
few cases, only VI, V3, and V5 were taken Uni- 
polar limb leads refers to the Wilson leads VL, VR, 
and VF 

TABLE IV 

Pathological Signs of Cardiac iNFARcnoN m 
Presence of Bundle Branch Block. 

Right Bundle Branch Block 



Abnorntai 

RS-T 

Abnormal 


Q 

deviation 

T 

Anterior infarction (11 cases) 


Limb leads (11 cases) 

6/11 

2/11 

1/11 

Chest leads (9 cases) 

9/9 

8/9 

7/9 

Umpolar limb leads (6 




cases) 

4/6 

2/6 

0/6 

Posterior infarction (1 1 cases) 


Limb leads (11 cases) 

10/11 

10/11 

9/11 

Chest leads (8 cases) 

1/8 

0/8 

1/8 

Umpolar limb leads (2 




cases) 

2/2 

1/2 

1/2 
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Left Bundle Branch Block 

Abnormal RS-T Abnormal 
Q deviation T 
Anterior infarction (11 cases) 


Limb leads (1 1 cases) 

10/11 

2/11 

11/11 

Chest leads (9 cases) 
Umpolar limb leads (5 

7/9 

7/9 

6/9 

cases) 

4/5 

1/5 

4/5 

Posterior infarction (4 cases) 


Limb leads (4 cases) 

4/4 

4/4 

4/4 

Chest leads (4 cases) 
Umpolar limb leads (2 

1/4 

2/4 

1/4 

cases) 

2/2 

1/2 

2/2 


When dealing with such restncted numbers, it is 
not possible to draw firm conclusions regarding the 


frequency with which a diagnosis of cardiac mfarc- 
tion and bundle branch block can be made from the 
electrocardiogram The findmgs m the present 
senes mdicate that when nght bundle branch block 
comphcates cardiac infarction, signs of infarction 
may be expected to be found m the majonty (22 of 
24 cases, or 92 per cent) 

When left bundle branch block comphcates cardiac 
infarction, the signs of mfarction may be found in 
about half the cases (15 of 34, or 45 per cent) 
Emphasis should be placed on the fact that there is 
approximately an even chance that the electrocardio- 
graphic signs of a cardiac infarct will be suppressed 
if left bundle branch block is a comphcation 
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Treatment of Thromboangiitis Obliterans and Thrombo- 
phlebitis with Tetraetbylammonium Chloride. R Bux- 
ton and E C Eickhoff St/t Med Siirg 110, 69-71 
March, 1948 

The action of tetra-ethyl-ammomum chloride in estab- 
lishing a temporary sympathetic block was used m the 
treatment of 6 cases of thrombo-angutis obhterans and 
of 5 cases of thrombophlebitis, 2 to 3 ml bemg injected 
up to 3 tunes daily for varymg penods of tune [the actual 
dosage is not given] Among the cases of Buerger’s 
disease, 1 is mcluded m which the condition followed a 
fracture of the first lumbar vertebra This patient and 
2 others of this senes were markedly improved by the 
treatment, although a lumbar sympathectomy preceded 
improvement m 1 of them In 3 other cases treatment 
failed In the 5 cases of thrombophlebitis pam ceased 
withm 2 days of startmg treatment, and the average time 
taken to efiect a cure was 7 days G Scitoenewald 

Ihe Effect of Tefra-ethyl-ammonlam Chloride on Blood 
Pressure Before and After Sympathectomy for Hyper- 
tension. H S Brown, E V Allen, and W McK 
Craig Proc Mayo Clin , 23, 94-99, Feb 18, 1948 

Tetra-ethyl-ammomum chlonde blocks the transmission 
of impulses from preganghomc to postganghomc fibre of 
the autonomic nervous system. The effect is transient 
and mcludes a fall m blood pressure of hypertensive 
patients m the reciunbent posihon, orthostatic hypo- 
tension, tachycardia, raydnasis, and mcrease m the skm 
temperature of the toes In the present observations the 
drug has been found to reduce greatly the blood pressure 
of recumbent hypertensive patients who have undergone 
sympathectomy by the Smithwick operation Compared 
with the pre-operative action of the drug, 25 to 30% of 
the dose has post-operatively two or three times the 
effect Observations on 6 subjects are recorded The 
significance of the effect is considered The authors 
discard the possibihty that it may be due to the drugs’ 
acting m more concentrated manner on the relatively few 
remaining effective gangha They suggest that the fact 
that the residual post-sympathectomy hypertension can 
be reduced to normal indicates that orgamc changes in the 
artenoles are not an important factor m the persistent 
hypertension C L Cope 

Pathology and Clinical Features of Idiopathic Isolated 
Myocarditis Y G Etinger and N L Vilk Klin. 
Med, Mask , 26, No 3, 3-13, 1948 

The authors have been able to study 7 cases of idio- 
pathic myocarditis both clinically and at necropsy, and 
consider that the condition may be diagnosed dunng the 
patient’s life The astiology is obscure Heart failure 
came on suddenly, sometimes after such conditions as 
physical exertion, pregnancy, or acute infection (m- 
fluenza) In 4 cases the aorta was hypoplastic Five 
patients were females, ages ranged from 20 to 60 years 
The clinical picture was one of severe and rapidly 
progressive congestive heart failure with cyanosis and 
dyspnoea The heart was enlarged, arrhythmias were 
common The blood pressure was low, the pulse soft 
Occasional bouts of pyrexia occurred The electro- 


cardiogram pomted to a diffuse lesion, voltage was low, 
Diagnosis was made by exclusion m 5 cases dunng hfe' 
At necropsy, coagulative necrosis and myolysis ofthe 
myocardium were sometimes the chief features, while m 
other cases exudative and proliferative changes 
predommated S S B Gilder 

The Diagnostic Value of Electrocardiographic Patterns, 
Based on an Assay of 261 Additional Autopsied Cases. 
L N Katz, D Feldman, and R Lanoendorf 
Acta Cardiol, Brux , 2. 291-317, 1947 

This study is a continuation of previous work on the 
same subject It is based on a senes of 261 consecutive 
cases m which electrocardiograms (mcludmg chest leads) 
were made within 2 months of necropsy The authors 
conclude that m general the electrocardiogram is a good 
mdex of whether or not the heart is structurally normal 
An abnormal electrocardiogram is excellent evidence that 
the heart is abnormal On the other hand, a normal 
electrocardiogram is occasionally found with an abnor- 
mal heart In 41 cases of the senes a discrepancy existed 
between the electrocardiographic diagnosis and the 
necropsy findmgs, these cases are discussed and 
separately tabulated R T Grant 


Studies of Fluorocardlography m Normal Subjects 
F G Fleischner, F J Romano, and A A Luisada 
Proc Soc exp Biol, NY, 67, 535-539, Apnl, 1948 

Fluorocardlography (electrokymography) is a newly 
developed procedure for recordmg on a continuous film 
the pulsations of,vanous areas of the cardiovascular 
silhouette and the opacity changes of the lung fields on 
X-ray exaimnation Simultaneous phonocardiographic 
records are taken, which permit exact timing of the 
fluoroscopic pulsations T^s paper is a further contn- 
bution to the study of fluorocardlography m normal 
subjects Records of traemgs of the ascending aorta, 
pulmonary vems, and pulmonary parenchyma are 
presented and their significance is discussed The tracing 
of pulsations m the pulmonary parenchyma is com- 
parable to a plethysmogram and is influenced by both 
arterial and venous changes in the blood content of the 
lung From the traemgs the velocity and duration 
of pulmonary artenal waves have been measured, the 
speed ofthe pulse m the lesser circulation has been found 
to be roughly one-third of the speed of pulse waves m the 

greater circuit This is due to a lower pulmonary pressure 

and greater extensibihty of the pulmonary vessels 
[Those mterested m fluorocardlography should become 
acquainted with previous work by the same authors on 
the subject and the appended references will be i^ful 1 

A I Suchett'Kaye 


Kymographlc Studies of the Function of the A^cl^ B 
Fabricius Acta radiol , Stockh , 29, 152-158, Feb 28, 
1948 

3y studying the movements along the left border of the 
leart between the pulmonary conus and left ventncle wim 
junultaneous kymograms and electro-i^diograms ttie 
luthor has concluded that the kymographic waves at Uic 
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level of the left auncular appendix have httle significance 
Previous workers have described systohc contraction 
waves ansing m the appendix itself and impulses trans- 
mitted from the left ventncle and from the pulmonary 
artery But owing to the superimposed left hilar shadow 
and to the small undulations of the auncular appendix 
the mterpretation of these waves has always been difficult 
It is probable that the auncular appendix has no 
mdependent regular muscular function and therefore no 
important influence on the cuculation It appears to 
serve as a complementary space dunng ventncular systole 
to preserve the smooth contour of the heart withm the 
pencardial sac J L Lovibond 

Portacaval Shunts in the Treatment of Portal Hypertension 
With Special Reference to Patients Previously Operated 
Upon R R Linton New Engl J Med, 238, 
723-727, Ma> 20, 1948 

In the 4 cases reported, portal hypertension was mam- 
fested by repeated severe haemorrhages, for which a 
vanety of previous operations (splenectomy and direct 
attacks on the vances or their efferent venous trunks) 
had proved unavaihng A portacaval shunt was then 
earned out with complete rehef in 3 of the patients for the 
duration of the foUow-up penods (14, 14, and 22 months) 
The most satisfactory portacaval shunt is one m which, 
after splenectomy, the stump of the splemc vem is anasto- 
mosed to the side of the left renal vem The left kidney 
should be preserved, since the operation is a severe one 
and may be followed by ohgima and a rise m the blood 
non-protem mtrogen even m the presence of both 
kidneys Anastomosis of the portal vem to the mfenor 
vena cava may be impossible because of edvemomatous 
transformation of the portal vem This operation is also 
fraught With nsk to the bde ducts The veins of the 
portal system are devoid of valves, and therefore a shunt 
downstream from the mam trunk may decompress the 
whole system 

The author emphasizes that previous splenectomy may 
result in obliteration of the stump of the splemc vem and 
preclude the establishment of a spleno-renal anastomosis 
Theihfore the surgeon undertakmg a splenectomy for 
portal hypertension should be prepared to proce^ at 
once to effect a spleno-renal shunt Francis F Bundle 

Dissecting Aneurysms A Presentation of Ten Case 
Reports and a Correlation of Clinical and Pathological 
Findings. A S Warren and A L McQuown 
'^mer J med Sci , 215, 209-219, Feb , 1948 
The authors describe bnefly the pathology of dissectmg 
aneurysm, and discuss the relative importance of athero- 
sclerosis, sj-philis, and idiopathic cystic medial necrosis 
os Ktiological factors They stress the extremely vaned 
^TOptomatology, and suggest that the clmical mam- 
lestations may conveniently be divided mto 8 groups, 
according to whether the symptoms and signs are pro- 
duced by disturbance of the circulation to the heart, 
ungs, bram, arm, spmal cord, gastro-mtestmal tract, 
gcruto-unnary tract, or leg respectively Histones and 
necropsy findmgs m 10 cases are given The correct 


diagnosis was made during hfe m 3 cases, 1 of them at 
laparotomy The mcidence of dissectmg aneurysm 
durmg the past 10 years at the authors’ hospital (The 
Chanty Hospital of Louisiana) was 1 m 454 necropsies 
All the cases recorded m this paper were m males 

A R Kelsall 

The Rehabihty of Percussion of the Left Heart Border 
H E Levin and H Nagel Bull Sch Med Mary~ 
land, 32, 221-223, Apnl, 1948 

The authors earned out percussion of the left cardiac 
border m 25 subjects and compared the position of 
the outermost pomt of dullness with the position of the 
outermost pomt of the left cardiac silhouette as seen m 
radiographs taken at 6 feet They conclude that the 
heart size was overestimated in about as many cases as 
it was underestimated, and that the margm of error Was 
not more than 1 cm m 56% of cases, and not more than 
1 5 cm m 80% They consider that cardiac percussion 
of the left border should not be discarded as unreliable 
[Two cnticisms of this paper are first, the patients were 
lean male subjects, and secondly, the majonty of these 
had hearts withm normal liimts of size It would have 
been more convmcmg if the authors could have shown 
the value of percussion m cases where the apex beat is not 
palpable ] S Oram 

Effect of Potassium on the Ventncular Deflections of 
the Electrocardiogram in Hypertensive Cardiovascular 
Disease. J M Bryant Proc Soc exp Biol , N Y , 
67, 557-558, Apnl, 1948 

The author mvestigated the effect of potassium salts on 
the electrocardiogram m patients wifij hypertensive 
disease and m normal subjects, m doses varymg between 
10 and 24 g daily In the hypertensive group there was a 
reduction m voltage of the QRS deflections, frequently 
reduction m length, and shift to the nght of the mean axis 
An ongmally mverted T wave became less mverted or 
upnght. It became taller when it was ongmally upnght 
In a few instances the T wave became more deeply 
mverted, though the voltage of the QRS deflection was 
reduced All these changes persisted several hours after 
the admmistration of the potassium salts The changes 
in normal subjects were the same as those m the hyper- 
tensive group, but much less pronounced It is mterest- 
mg to note that the same type of changes m hypertensive 
patients can be brought about by a diet with sodium 
restnction or by sympathectomy A I Suchett-Kaye 

Cardiovascular Sj'stem as the Effector Organ m Psycho- 
somatic Phenomena G Burch and T Ray J 
Amer med Ass , 136, 1011-1017, April, 17, 1948 

The disturbances which emotional stress may produce 
m the function of the gastro-mtestmal and gemto- 
unnaiy tracts and respiratory tmd cardiovascular systems 
IS reviewed 

The cardiovascular system is particularly susceptible 
to psychic disturbances The effects ma> be central or 
penpheral The central effects mclude (1) increased 
car^c output, (2) disturbances of cardiac mechanism. 
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(3) electrocardiographic changes, (4) angina pectons, 
and (5) evert sudden death These effects are illustrated 
by 2 cases in which emotional disturbances produced 
pain like angina paitons with transitory electro- 
cardiographic changes (depression of the S-T segment 
and mversion of the X wave dunng the attack) The 
peripheral effects of psychic disturbances are illustrated 
by 2 cases A negro showed a typical Raynaud syn- 
drome under emotional strain, and m a medical student 
erotic thoughts raised the systohc blood pressure from a 
normal level to 250 mm Hg and the diastohc pressure to 
140 mm Hg This nse m blood pressure was assoaated 
with a penpheral vasoconstnction, as shown by 
plethysmographic studies of the mdex finger 
The use of the plethysmograph in mvestigatmg the 
reactions of the penpheral blood vessels to emotional 
states and m studymg types of personahty is discussed 
Tension and lack of relaxation m persons may be identi- 
fied by the plethysmogram Such methods of luvesti- 
gatmg the penpheral circulation are considered to offer 
an objective and quantitative approach to psychiatnc 
problems The need for psychiatnc evaluation and the 
use of psychotherapy m the proper management of 
patients with cardiovascular disorders is emphasized 

F A Langley 


Ihe Behavior of the Venous Pressure during Vanous 
Stages of Chronic Congestive Heart Fallare. T B 
Gibbons Amer Heart J 35, 553-566, April, 1948 
Twenty-three patients were studied m whom a state of 
congestive failure was either mduced or improved 
Significant changes of degree of congestive heart failure 
were encountered 34 times, there were 26 instances of 
recovery and 8 of detenoration The changes m body 
weight were taken as an mdex of the amount of oedema, 
and senal determmations of venous pressure were made 
by aArect method For the most part changes m body 
weight and m venous pressure ran parallel, but m a few 
cases venous pressure altered without a change m body 
weight, and vice versa When a pahent with ascites was 
improvmg, the change m body weight might precede the 
fall m venous pressure In such cases the venous pressure 
m the legs was ongmally higher than that m the arms, but 
as the ascites disappeared the pressures approached each 
other The author concludes that in “ all phases of the 
syndrome of congestive failure changes m the venous 
pressure and m the degree of congestion are concordant 
Any mibal discordance m the tune relation change m the 
venous pressure to change m weight associated with 
oedema can be explamed by the state of those tissues 
affected by (edema ” HE Hailing 


Clinical Electrocardiography Third Edition By David 
S cHERF, and Linn J Bovd 

It IS due perhaps not so much to recent advances m 
electrocardiography that, smce 1940, a third edition has 
already appeared, as to the mcreasmg demand for a 
rehable dracnptive account of its pnnaples and practice 
The new enlarged edition has called for much revision 
of the former text, nevertheless its authors contmue to 
mamtam the cntical balance between the theory, physio- 
logy and practical apphcation of their subject which 
remains a feature of their book The importance of 
chest leads now meets fuller recogmtion More space 
and greater detail is given to &eir discussion, par- 
ticularly m regard to their chagnostic value m myocardial 
infarction, ventncular hypertrophy and bundle branch 
lesions On the other hand upipolar leads are dealt 
with rather summarily, which is to be regretted m view 
of their mcreasmg clmical significance The repro- 
duction of eleirtrocardiograms is tcchmcally unpleasmg , 
the majonty sufier from over reduction, their defimtion 
IS mdistmct and their full descnption is often only to be 
found m the text on another page and not m the abbre- 
viated captions beneath the illustrations Sometimes the 
recmrds are presented vertically below eacdi other, but 
sometimes acn'oss the page which is conTusing because 
the leads are not numbered An adequate bibliography 
is mcluded at the end of each chapter but imfortimately 
many references m the text are ambiguous throu^ the 
omission of dates after authors’ names Attention to 
these details m the next edition will greatly enhance its 
merit as a book of easy reference The text is amply 
(TOSs-referenced with few misprmts and good use is 
made of emphasis by italics Some of the chapters, 
particularly those on extrasystoles, fibnllation and 
flutter, and the tachycardias are notably lucid 

J L. Lovibond 


Cardiovascular Diseases Second Edition By David 
S cHERF, and Linn J Boyd 

The ongmal edition of this work consisted of a senes 
of clmical essays on selected cardiac problems wntten 
largely from the practical view pomt m relation to 
diagnosis and treatment It has now been rewntten and 
becomes a complete and eminently readable textbook, 
retainmg many of its former virtues In the aetiology of 
certam cardiac symptoms the authors contmue to 
emphasize the importance of the inflammatory myo- 
carditis that occurs after rheumatic fcverj tonsillitis, 
and many other infections, distmguislung it from the 
pnmanly degenerative myocarditis of diphthena and 
typhoid One observes that they discard the terra 
“coronary insufficiency” as a false etiological nomen- 
clature and that they reserve “angma pectons” to 
desenbe a symptom and not a disease entity Hie 
section on Cor Pulmonale could have been accorded 
more space and the explanations of the “ Third Heart 
Sound ” and “ Gallop Rhythm ” are not too clrar 
There is a full bibliography after each chapter, but 
references to authors m the text are mostly made by 
numbers and not by names, a method now obsolete m 
this country and one that renders the bibliography less 
selective Some unaccustomed terms are used ^ch as 
“ adnexitis,” “ hypocapma ” (for tachypncea), anci 
“ pathophysiology though their meanmg is usually 
clear enough Descnption of radiology of the heart is 
limited and the plates that appear are not representative, 
notably the poor quahty lUustrauons of cariac ancu^m 
and atnal septal defect It would be an adrantage if the 
figures of the cardiographic stnps were numbered piamiy 
by leads, and if m the mdex which is otherwise complete, 
the mam references were emphasized m h^^ 

This book should be read in conjuncUon with the worx 
on Clmical Electrocardiography by 
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